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A STUDY OF THE RAT’S BEHAVIOR IN A FIELD 
A CONTRIBUTION TO METHOD IN 
COMPARATIVE PSYCHOLOGY* 

BY 

CALVIN HALL a>!D K. L. BALLACHEY 


INTRODUCTION 

Comparative psychology in its reaction a^fainst the anecdotal 
dilettantism of the post-evolutionary period has become increas- 
ingly insistent upon a quantitative recortl of performance. 
Quantification has meant, in large part, a disjivowal of the study 
of that most important psychological datum — the behavior of 
the animal. The rat in the nuiiie or the discrimination box or the 
delayed reaction chamber, for example, is limitwl by the physical 
set-up to but few respons<‘8. These responses are then described 
by time and error records. Such metluxls of t^xperimentatiou 
and recording, although lending themselvw to easy numerical 
expression, represent but meagerly the rat’s actual total 
behavior. 

We shall pnwent in this article obs(*rvations of the rat's 
behavior in an open field situation xmder exi)erimental condi- 
tions. It is suggested that by this method one may observe the 
behavior of the rat under l«?ss teleological conditions than are 
imposed by the usual type of apparatus. By a t«deological con- 
dition, we mean one in which the rat is forced to btdmve accord- 
ing to the purposes of the exiterimenter. We believe that the 
study of field behavior minimizes the experimenter's purpost'ful 
intentions as to how the animal should n»ip<>nd an<l at the same 
time makes possible the obsc^rvation and nwording of the rat’s 
true ambulatory behavior under experimental conditions. 

* Wo aro IncUtbtod to Proft'iMwir E. (!. Tolmaii for goneroUH couiuh^I during 
the writing of this article. 
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The impetus toward the devising of the field method came 
from the writings of Lewin,^®» In fact the use of a field for 
observing rats is but an adoption of Lewin's method for studying 
children. We were also stimulated by the writings of D. K. 
Adams^^^ and J. A. Gengerelli/-^ both of whom have expressed 
a dissatisfaction with prevailing methods in comparative psy- 
chology. Their viewpoints required a new method of studying 
behavior and this we here endeavor to supply. 

The first experiment in which we used the field method and 
the only one we shall here present was a direct repetition of one 
of Lewin’s experiments on young children. At the Ninth Inter- 
national Congress of Psychology, he reported the behavior of a 
child a year and one-half old, when confronted by a circular 
barrier which enclosed a desired object. The child reacted by 
running around the barrier in a circular fashion. Lewin inter- 
preted this to mean that the direction of behavior would always 
be perpendicular to the forces (Kraft e) emanating from the 
desired object, and as close to the object as was physically pos- 
sible. That the child did not describe circles in his running 
simply because of the circularity of the barrier was demon- 
strated by another experiment in which the child was placed 
inside the barrier and the object lay outside. The child then 
concentrated his activity on that sector of the barrier in the 
direction of which lay the object. 

APPARATUS AND METHOD 

The floor plan of the set-up used in this study is reproduced 
in figure 1. The field was seven feet square and was enclosed 
by a three-foot wall.^ In order to enable the experimenter to 
record the movements of the rat, the field was marked oif into 
foot squares. Over the center of the enclosure hung a 100-watt 
lamp, lighting the field uniformly. The experiment was con- 
ducted in a sound-proof room. 

1 The size of the field caa he altered to meet the nowls of a imrticular 
e:^erimeiit. The essential principle of the field is that the iiiximul is pro- 
vided with an open space in which to behave. 
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A circular covered barrier constructed of wire mesh, one 
foot in diameter and eighteen inches in height was placed in 
Square 25 (fig. 1). For Group A, a tin of Steenbock mash was 
placed in the center of the square enclosed by the barrier. For 
Group B, the barrier alone was in the field. After each day’s 
run, the floor of the field was brushed in order to control 
tracking. 



X E. i’ig 1 . Floor pltui of th« flchU X E 

X K iudicatt^ wb«r<s i*X|H*'riiiumtorK «nt. 


The rats were lntr<Hlu<wl into the fl<d<l at H<juare 43 with 
their heads pointed baiik toward the corner. Five-rninute sam- 
ples of behavior were taken. One experimenter recorded the 
path of thC’ animat aiul ma<le behavior tiotes; the other took 
active and passive times. The experimenters wert* seated next 
to the wall of the field at H<iuares 43 wid 49 (fig. 1), a distance 
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well beyond the visual capacity of, the rat. An attempt was 
made to eliminate all possible distractions while the rat was in 
the field. 

The rats were twenty-four hours without food when run. 
The time of running remained constant throughout the experi- 
ment; one five-minute sample of behavior was taken each night 
for each rat. One hour after running, the rats were fed twenty 
grams of wet Steenbock mash in their home cages. 


AMMALS 

The animals used in this experiment were female albino rats 
from the colony maintained by the Psychological Laboratory, 
University of California. They were approximately sixty days 
old when experimentation was started. The rats had had no 
previous training of any sort in such a field. 


RESULTS 

Group A. Pood Within the Barrier 

For purposes of analysis we divided the field into three zones. 
Those squares which adjoin the four outer walls constitute the 
outer zone ; those enclosing the inner barrier the inner zone ; and 
those which lie between the outer and inner zones the middle 
zone. Analysis was made in terms of the number of squares in 
each zone which the rat traversed in successive trials. 

The percentages of squares in the three zones traversed by 
each rat in Group A on successive trials are presented in table 1. 
It will be seen that the behavior in the inner zone increased for 
several days to a maximum ; then decreased slightly and remained 
more or less constant. After the first six or seven trials an equal 
number of inner and outer zone squares were traverse<L These 
percentages reveal two loci of behavior in the field — ^the outer 
walls and the inner barrier. The middle zone is traversed only 
when the rat is running to the inner barrier or to the walls. 
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But the percentages shown in table 1 do not fully represent 
the rat’s behavior in the field. When the rat is in the outer 
zone he runs very close to the walls; when he is in the inner 
zone he circles the barrier. It is impossible to reproduce the 
paths taken by all the rats from trial to trial. Figures 2, 3, and 
4 show three paths of a single rat at different stages of experi- 
mentation. The concentric circles should really be thought of 


TABLE 1 

Percentage op Squares Traversed in Each Zone 
(Group A. Food within Barrier) 


Rat 
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O— outer zone; M=middle zone; l^inner zone. 


as circular paths immediately around the barrier. Figure 2 rep- 
resents the path on the second trial when behavior is largely 
confined to the outer walls. Figure 3 shows the rat’s path when 
circling the barrier has reached a maximum. Figure 4 portrays 
the rat’s behavior when it has reached approximate constancy. 

The activity of the rats from trial to trial as measured by the 
number of squares traversed during the five minutes is shown 
in table 2. On the average, the rats reach a maximum of activity 
on the third day and thenceforth become less active. This first 
sharp rise in activity is directly correlated with the increase in 
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TABLE 2 

Total Nxjmbbk of Soxtabes Entebed 
(Group A) 
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behavior within the inner zone. We shall see later when com- 
paring these data with those got from Group B, which was run 
with no food in the field, that this increawd activity is a function 
of the food within the barrier. 

That continuous circling of the barrier is a characteristic of 
the behavior of the five rats during the first trials is still more 
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Fig. 3. I>ath (if Hat A7 on tho fourtli triiil. 


strikingly brought out by the data pres<‘nted in table Th<‘s<i 
figures represent the gn*atest number of inner zone H((uares 
traversed continuously on each trial by <*ae.h rat. That is, the 
number of squares travers<*d betwwn each entranc<^ into and each 
departure from the inner zoiu* was counted. The Iarg<?st number 
thus travers<Kl in a giv«‘n trial by a given rat was taken to make 
up table 3. For example, rat 10 on day 2 entertnl the inner zone 
and traversed thirty-six s(iuart‘K before leaving this zone. He 
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TABLE 3 

Greatest Number of Inner Zone Squares Traversed Continuously 


(Group A) 
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Tig. 4. Path of Bat A7 on the eighth trial. 
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made other excursions into the inner zone on this day, but never 
did he stay long enough to traverse more than thirty-six squares. 
The maximum for the five rats averaged is on the second and 
third days. These data sugge.st what our path records demon- 
strate very clearly — that the rat’s behavior at first was marked 
by continuous running around the walls and then by continuous 
running around the barrier and that later he alternated more 
sporadically between the two loci. 

Group It. No Food Witjiin thk Bahuier 

In order to determine whether or not the behavior of the rats 
in Group A was determined by the food enclosed by the barrier 
a control group was run. Group It was run under exactly the 
same conditions as Group A exe<«i)t that food was not present 
within the barrier. 


TABLK 4 

l^Rlt<’KNTA(IK OP HgifAKKH TRAVKRHFJ> IN Ka<MI 55<>NK 
(Group li, No Foo<l within IiarrM*r) 
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0 -outer »one; M»mui<Ue none: 


The percentage of s(iunres in the thns* zones traversetl by 
the rats in Group It is shown in table 4. When these figures 
are compared with thow* given in table 1, the great difference 
between the behavior of the rats in tlu* two groups is at once 
apparent. The percentage of inner z(«»e s<piares traversed by 
the rats in Group It did not exceed 29 per cent. It will be 
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remembered that the percentages of inner zone squares traversed 
by the rats in Group A was markedly greater. In A 7 the maxi- 
mum percentage was 60; in rats A 6, A 8, and A 10 it exceeded 


50 per cent. 


TABLE 5 

Gebatest Number op Inner Zone Squares Traversed Continuously 

(Group B) 


Trial 

17 

18 

19 

20 

21 

Avor. 

1 

0 

5 

1 

0 

0 

1 

2 

2 

14 

8 

0 

0 
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5 

7 

0 
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6 
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13 

9 
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6 

11 
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7 
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1 
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0 

0 

i 
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TABLE 6 

Total Number op Squares Entered 


(Group B) 


Trial 

17 

18 

19 

20 

21 

Avor. 

1 

93 


97 

56 

m 

76 

2 

99 

107 

69 

24 

1 


3 

107 

127 

67 

41 

29 

74 

4 

124 

134 

102 

27 

68 

91 

5 

109 

153 

54 

1 

17 

67 

6 

119 

88 

52 

41 

1 

60 

7.,.. 

134 

133 

3 

20 


60 


Nor did the rats in Group B manifest continuous encireling- 
the-barrier behavior to any degree as may be seen by consulting 
table 5.2 We may conclude, therefore, that the deteminer of 

2 That the difference between the two groups is a reliable one and not 
dependent upon a sampling error can be ascertained by computing the 
stendard devotion of the difference. The second and thin! trials when con- 
tinuous circlmg behavior is at a maximum for Group A W('r(H averaged and 
compared mth the second and third trials averaged for Group B. Tlie 
difference is 18.6 d: 5.6. Such a difference could have occurred by eluuice 
3 times in 100. (The formulae used in this analysis are suitable for small 
numbers of cases. They were taken from M. EzekiaPs Methods of Corre- 
laiional Aimlym, pp. 19-20.) 
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continuous inner zone behavior is the food enclosed by the 
barrier. 

In table 6 are shown the total numbers of squares entered 
in successive trials by the rats in Clroup B, That their activity 
is approximately the «ime on the first trial as that for Group A 
is one indication that the two groups are more or less comparable. 
The marked difference between the two groups from the second 
trial on indicates that the prestmce of food in the field exerts a 
dynamogenic effect upon behavior, increasing significantly the 
activity of the rats. 


OONOLITSION 

That the rats circled the harrier and that this was the effect 
of the prescmee of food within the harrier verifies Lewin’s obser- 
vations on children. We an* !iot prej»ared at this time, however, 
to interpret our re.sulfs in terms of the concepts O'f Lewin nor 
to summarize our data using any other conceptual explanation. 
A further s«*ries of experiments using more animals are in 
progre.s8 to determine whether this h(*havior depends upon the 
circularity of the barrier or upon thow* {)rincii)les which Lewin 
invokes to explain the child’s behavior. We shall run (1) a 
satiated group with food in the fi(*hl ; (2) a group placed within 
the barrier with fo<Kl at various positions outside; (3) rats who 
have been fed under the barrier and are then introduced into 
the field with food within the barrier; and (4) a group fed in 
the center square and then plawul in the field with the food 
enclosed by the barrier. 

But the contribution which we wish to malce in this article 
is not that of substantiating nor of controverting Lewin. It 
is rather a contribtition to methodology; and for purposes of 
illustration we have merely selected this particular experiment. 
The advantages of the field method can best be emphasized by 
contrasting its possibilities with those of the maze. 

1. The field method permits the study of the natural direction 
of behavior since it can manifest itself under relatively uncon- 
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jSned conditions. In the maze, the rat^s behavior is artifidoMy 
directed by the physical structure of the apparatus. 

2. The field method permits more radical chang^es in the 
environment than do other techniques. The maze must remain 
physically a maze but the number of changes which can be made 
in the field is unlimited. 

3. The rat’s behavior can be studied over a continuous tem- 
poral period. The maze, on the other hand, constitutes a prob- 
lem or task for the animal and has a fixed beginning and ending. 

4. The field method makes possible the use of situations in 
which learning can be manifested rapidly. “Learning usually 
and always under the conditions customarily established in 
experiments on the subject (i.e., puzzle boxes, nonsense syllables 
and particularly mazes) occurs too slowly for its real nature 
to be evident.” (1, p. 161.) 

5. The field method permits the study of the relative atttrac- 
tiveness of various objects. The maze can be used only rather 
clumsily for such investigations. 

6. The field method, finally, is the most satisfactory method 
for studying what may be considered perhaps the most funda- 
mental determiner of behavior, viz., the needs of the organism 
and the effect of these needs on the direction of activity. 
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FIXATION IN THE HAT 


BY 

I. KREOHEVSKT AND C. H. HONZIK 


INTRODUCTION . 

Selective frequency as an initiating cause in trial and error 
learning has been disproved by the experiments of Peter- 
son/^°» Thorndike/^®^ and others.^ Excess frequency of the 
‘‘correct’’ response at the expense of the “incorrect” can no 
longer be held as one of the determiners of ordinary trial and 
error learning. 

Further, it has now also been demonstrated by such experi- 
ments as those of Higginson/®^ Hsiao, ToLman and Honzik,^^®^ 
GengerelH,^®^ Kohler, Hertz, and Maier^®^ that in such 
ordinary learning the learned response is still relatively “insight- 
ful,” “intelligent,” and “plastic” in the sense that, if a change 
be introduced into the objective situation such that this learned 
response is no longer “correct,” the latter rapidly gives way 
to some new and more appropriate response. 

In a word, frequency does not initiate the ordinary learned 
response nor does it prevent the latter from giving way rapidly 
to other more appropriate responses. Tolman^^^^ has suggested 
the term “docile” for behavior which is the product of ordinary 
learning and which is ready to give way rapidly to other behavior 
if the latter becomes more appropriate. 

And Tolman^^"^^ has suggested the term “fixated” for a second 
type of behavior — ^viz., a behavior which does not give way 
rapidly to anothenmore appropriate behavior when the environ- 
mental conditions are changed, and he points to the results of 
Gilhousen^^^ as perhaps the first experimentally to have isolated 

1 Eor a brief r4sum4 of all such, experimeuts see TolniaiL,(i4) Chap. XXII. 
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such ‘'fixated'’ behavior in rats. More recently Hamilton and 
Bllis^^^ have also experimentally demonstrated a ease of such 
“fixated behavior" in rats with cortical lesions. They have sug- 
gested the term “behavior constancy" for the properties of such 
fixated behavior. 

What are the causes of such fixation or behavior constancy? 
The ordinary learned act is extremely docile (witness : the experi- 
ments of Higginson, Hsiao, Tolman and Honzik, Gengerelli, 
Kohler, Hertz, and Maier already referred to) in the sense of 
being potentially changeable when the situation is changed. But 
here are other “learned" acts which do not have this character. 
Hamilton and Ellis conclude from their experiments that the 
tendency toward such fixated acts is strengthened by a lesion in 
the central nervous system. The possibility has suggested itself 
to the present writers, however, that a response which was orig- 
inally docile may become by excessive freqmncy no longer docile 
but fixated.* If that be so, frequency, far from being unimpor- 
tant in explaining learning, begins to play again an extremely 
important r61e. 

The purpose of this investigation, more specifically stated, 
was to determine the effects of three degrees of frequency upon 
the plasticity of a learned and originally docile response. 

APPARATUS AND METHOD 

Apparatus, — ^De Camp,^^^ Yoshioka/^^^ and others have 
shown that the white rat is able to discriminate between a long 
and a short pathway to food and will prefer the shorter. Inas- 
much as such a set-up does not force the animal to adopt the 
“correct" solution (since he receives foo<l even if he persists 
in always choosing the long path) the preference for the short 
path indicates a cognitive appreciation of the problem (i.e,, is 
“docile" relative to the respective lengths of the two paths). 

* We take advantage of the page proof to point out that this same rela- 
tionship between frequency and fixation had been provioxisly 8ugge8t<!*d by 
Gilhousen, who is now attacking the problem with a different experimental 
set-up (private communication). 
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With, this assumption as the starting point the apparatus 
shown in figures 1 and 2 was used. These figures present dia- 
grammatie views of the apparatus as it appeared in the two 
diiferent experimental set-ups used. The animal was permitted 
to leave his starting box at and enter alley 1, which was a 
straightaway. Go, C^, and are black curtains which were 
suspended from the tops of the maze in such a manner as to 
prevent the animal from seeing beyond the curtain. 

During the experimental runs proper there were no doors or 
blocks of any kind in the apparatus. When the animal reached 
the first choice point he was allowed to turn either to 

the left and reach the food in box Fi, or continue straight ahead 
and then turn to food box F^ (set-up I, called hereafter position 
I. For position II the reverse situation held, as can be seen from 
figure 2).^ 

It will be seen that in both positions the animal is given an 
opportunity to take either a short or long path to the food. In 
position I the path from P to Fs is but half as long as from P 
to Pl. In position II the shorter path (P to Ps) is but one- 
eighth as long as the longer path (P to Pl)-^ These diflFerences 
between the length of the short and long paths in both situations 
are well above the threshold as established by both De Camp and 
Yoshioka. 

Animals . — ^In all, the records of 40 female rats are presented. 
Nine of these were pigmented animals and 31 albinos. Of these 
40, 30 were selected to make up the three experimental groups 
used. The basis of selection and the reasons therefor will be 
given presently. 

Preliminary training . — ^All three groups received the same 
preliminary training. The ^‘preliminary’’ period was divided 
into (1) an “habituation” period and (2) a “pre-test” period. 
The purpose of the first of these periods was to habituate the 
animals to the apparatus and to eliminate, as far as possible, all 

2 A curtam was placed at Cs in order to equate the two choice points P 
and as nearly as possible. 

3 Further dimensions are given, in. the figures. 
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Pigs. 1 and 2. Maze Piittem. 

Legend : S = Staxting point 
JS? = End of maze 
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interfering emotional behavior. During this period the animals 
were run through straightaways without elbows, according to the 
schedule given in table 1. 


TABLE 1 

ScHKDUtJB TOR HaBITUATJON BiRIOO 


Days 


TrialH 


1 

2 

3 

4 

5 

6 

7 

8 
9 


5 runs in 36-inch straightaway 
5 runs in 36-inch straightaway 

5 runs in 36-inch straightaway 

6 runs in 36-inch straightaway 
6 runs in 36-inch straightaway 

6 nms in long path of ma*c, with ourtairw 
6 runs in long path of maxc, with curtains 
6 runs in short path of maze, with curtains 
6 runs in short path of maze, with curtains 


Immediately after completing thew' habituation ruiw the 
animals were started on their pre-t4>st training. This consistc'd 
of “forced” runs through the apparatus in H«‘t-up I (fig. 1 ), Dy 
forced” run is meant a run where the animal was not allowed 
to maie a choice at point P. lie found a hl<K*k behind either 
curtain or m that ho was forced to take either the short 
or long path according to the position of tho block. The paths 
were so blocked as to fore.o tho animal through tho short path 
17 times and through tho long path 17 times. These patlm were 
blocked in a random order. Tho detailed scIuhIuIo for tho 
pre-test training w'ries is given in table 2. 


TABLE 2 

tV'HKDuir, w»u Pkk-Tkmt 1*kw«h> 
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On the day after the animals had completed their pre-test 
training the regular experimental runs were begun. During the 
experimental period proper the following schedule was main- 
tained: each rat was given 12 trials per day, the first two of 
which were “forced” runs and the next ten, “free” runs. lu 
the first two runs the animal was forced (by blocking off one or 
the other of the pathways) to run once through the long path 
and once through the shorter path. The order of “forced” runs 
was alternated from day to day, i.e., on one day the order would 
be L, 8; on the next, 8, L. The ten runs following these two 
forced runs were free in that all blocks were removed and the 
animal was allowed to reach the food box by either path. 

As was said above, both the habituation and pre-test training 
were the same for all three groups. The length of training 
during the experimental period proper differed for the three 
groups. 

Experimental training . — The members of all three groups 
started their experimental runs with the apparatus in position 
I and were continued in that povsition until they had met their 
respective norms of mastery; in the case of Group I (4-day 
group), the rats were run until 90 per cent of their last 40 
“free” runs were choices of either the “long” or “short” path- 
way. "We were not interested in getting every rat to adopt the 
short pathway, as they might have done eventually if allowed 
more time, since we wished to have a group all the membei-s of 
which had about the same degree and length of training. In the 
ease of Group II (8-da}' group) the rats were run until 90 
per cent of their last 80 “free” runs were choices of either the 
“long” or “short” pathway. And in the case of Group III 
(12-day group) the same procedure was follow(Kl until 90 per 
cent of their last 120 “free” runs were similarly choices of either 
the “long” or the “short” pathway. 

Then, in each group only those rats which preferred the short 
path were continued in position II. The other rats were dropped. 
Enough rats were run so as to fill up each group to its quota 
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of ten. In the followitig* (U8en.ssi(>n only thost‘ * ‘short'* rats are 
considered in referrinp: to each of the ^rroups. 

After jneetiiiff the norm, on the very lu^xt day the rats in 
each group were set to master the problem as pres(^nte<l in posi- 
tion IP (fig. short path was in the position of the 

former long path, and vice vers^i. Th<‘ animals in (vr<ler to solve 
their problem, were riHiuired to rei'erxe ilnnv former behavior. 

They were continued on this problem until they again met 
the same norm (90 per cent of the last 40, last HO, or Inst 120 
“free** trials either long or short). 

The basis upon which we selected tin* UO rats from the 40 
was, then, the ability of the rats, ia ihv first inatanre, to discrim- 
inate between a long and short pathway, 'fhat such ch(K>sing 
was necessary is at once obvious when we eotishler thi* following 
facts: Although both De Pump and Yoshioka sliowed that the 
“average** rat could discriminate between a long and short path- 
way, not (ifi the rats could do so (within the limits of their 
experiment). In this investigation we have fountl the .same 
thing. Twenty-five p(‘r cent of the animats UH4»d failed to adopt 
the shorter of the two paths in positi<m 1. And since our te.st 
situation (position II) rt^tpiiretl the animal tu rnursr his be- 
havior m order to reach food by the shorter of two ^Hilhs^ it 
would of coursi^ have been meaningless to tt*Ht an animal wbieh 
could not discriminate, in the first place, between long and short. 
Such a procedure (i.e., iHiuatiiig groups on the basis of their 
ability in the particular jirocess), thougli rare in animal experi- 
mentation, is of course a common one in human experiments, 
where subjects are selected on the laisis of intelligtmci^ tests and 
achievement tests. 

Another reason for this .seleeti<m has been sttggestitd above. 
That is, since we art* interested in .studying the variable fre- 
quency, it would have coufustsl matters to allow s^imo animals 
many more trials than others in which to master the problem 
(in this cast^, tuloption of the shorter route). 

* The anlmalf) were treated lioUvlfhmlijr, thut lit, eueh fuiiinal wimi nhifteti 

when ho him8<%lf rwudinl the iionn, he win* «et fiMViwl t<» wnit for thi' whole 
group to roaoh the n<»r«i. 
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RESULTS 

In considering the performance of the various groups on 
set-up I (table 3), the first striking fact is the apparent facility 
shown by the animals which adopted the short path. The aver- 
age number of errors^ for each animal ranged from 5.9 in Group 
I to 3.7 in Group III. But even these low averages exaggerate 
the difiSculty of the maze, for, actually, these averages are 
accounted for by the errors made by only a few individuals in 
each group, and the ‘‘n” of each group being so small, they 
assume too much weight. Prom an analysis of the individual 
records it will be seen that nine animals (see table 4) made no 
errors at all, and some but one or two errors. 

This need not necessarily mean, however, that the discrimina- 
tion involved was extremely easy. It will be remembered that 
the animals had as many as 34 farced trials lefore their free runs 
were started and records of errors kept. Much of the learning 
probably took place before the free runs were started, but one 
must also remember that the animals were forced down the long 
path as often as down the short path and yet some made no 
errors at all when allowed a free choice. Certainly the factor 
of frequency cannot be called upon here to explain this learning. 

In general we might point out that all three groups found 
the first discrimination about equally difficult and therefore 
came to the first test set-up (position II) equal in all respects 
except in the degree of frequency with which they had per- 
formed their original learned response. 

In the second set-up (position II, table 4) the three groups 
diverge one from the other quite definitely. 

The animals of Group I (4-day) made a total of 72 errors, 
where Group II (8-day) made i56 errors, or more than twice as 
many as Group I, and Group III (12-day), 283 errors, almost 
fawr times as many as Group I and not quite twice as many as 

cln this and the following discussion ‘ ' error refers to the choice of 
the long path. 
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Group II (table 4) . These differences are large enough to assure 
us, despite the small number of subjects in each group, that the 
differences are reliable ones. 

It might be argued, however, that comparing the total errors 
of Group I with those of Group II and Group III is unjustifiable 
since the animals of Group III were given more opportunities to 
make errors than Group II, and Group II more than Group I. 
That is, the rats in Group I were run only up to a 4-day norm. 
Group II 8-day, and Group III 12-day. The differences in errors 
might then be a function of this variable rather than a function 
of the difference between the groups. 

To meet this criticism the error records for the prst four days 
for each group were derived, whereupon the opportunities for 
errors are equal for all groups. From table 5 it is seen that the 
status of the three groups respectively to one another remains 
similar whether we consider the errors made during the first 
four days, or the total errors made. The differences are still 
extremely large and equally reliable. Group I has a record 
of 66 errors, Group II of 124 errors, and Group III of 233 errors. 
If we consider the number of errors made on the first eight 
days the same results stand. Group II made 156 errors and 
Group III, 276." 

There can be no doubt then that as a result of differential 
frequency in performing the act learned for position I, the 
three groups differ in the rapidity and facility with which they 
can appropriately change that learned behavior to fit a changed 
situation (i.e., ^‘learn” a new act). There appears to be an 
inverse relationship between frequency and plasticity of behavior. 

Encouraging also is the fact that, although Groups II and 
III found it difficult to shift from their behavior, every rat of 
both these groups finally did shift. In other words, we now 
have more evidence that these rats could differentiate between 
the two paths and that actually they “preferred’’ the short path. 
The test therefore was a fair one. 

6 Group I cannot of course be considered here because this group had 
completed the problem before eight days. 
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TAIU.E 3 

EKimmM.vNfK Am. Gaoui'a on Position I 


Cfftmp t 
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KrroM 
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9 

IM 

15 

iim 

17 

H70 

22 

mi 

6 


0 


0 

vv:i2 

0 

\VM 

0 

w:i5 

0 

Tutiil 

59 


5 



TAHIJ*) 4 

PiiimiwM VNfi. or Af.i. on Pohition ll 


<*rou{i 2 


Oroup in 

AftittmU 

KrfMf# 

VftltltnlM 


Anirnibl* 

Krrow 

Hi:i 

irt 

Wl 

14 

W12 

4 

H44 

li\ 

W2 

17 

W13 

27 

H.'iO 

1 

W5 

H 

VV14 

20 

1170 

{) 

\v« 

62 

W16 

40 

H7l 

2 

\V7 

4 

VV17 

42 

W32 

« 

\V9 

H 

W18 

39 

w:n 

14 i 

WIO 

•I 

* 

VV20 

53 

wa2 

7 i 

W24 

15 

\V21 

16 

w:h 


W2K 

9 

W26 

21 

\sm 

19 

w;ii> j 

17 

W27 

J1 

Tofcjil 

72 


156 


283 

Avi*rtt«f^ 

7.2 


15 6 


28.3 


TAHI.K 5 

Kiittoim vr Vakkk'h Am* FonmoN 11 



1* *fi»i 4 4*yi* 

loMt *1 4ay» 

ToUl 

(trtiUj* 1 

66 

...... .. 

72 

Group ir 

124 

1S6 

156 

Group HI . 


276 

283 
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Although the learning of position II proved to be generally 
much more difficult for aJl three groups than the learning of 
position I (tables 3 and 4) an analysis of the individual’s records 
reveal some surprising results. 

Two of the rats in Group I reversed their lehavior (i.e., 
“solved” position II) without making one error" (rats W 22 and 
H70), and two rats, 1150 of Group I and W 2 of Group II, 
made but one error. 



It is to be noted that, in the eju«» of rats W 22, H 70, II 50, 
and 1171 ((Iroup 1), mul W2 (droup 11), the fmiuency with 
which they behaved appropriately to poaition I did not in the 
least interfer(" with tludr r(»verHinjir that behavior when the sit- 
uation was reversiul. It would incorrect to say that their 
last ten runs in position I were a function of frecpiency and 
dependent \ipon fre<piency for tludr occurrence, since, wlien 
the situation was chang^txl, their behavior chanprcxl almost 
immediately. 

7 Of coiirst^ one muHt renieinber that thew^ nita jj^iven aa opportunity 
to discover the ehan|(«Ml charneter of th<t imt£e by the two preliminary 
** forced'' mm. 
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DISCUSSION 

But we appear now to have two (Uaraetrieally opposed results 
In considering the differtmces in error scores between Groups I 
II, and III, we were forced to conclude that the difference in 
frequency was an extremely important causal factor. That is 
there was an inverse relation.slup Ix'tween frequency with which 
behavior I wa.s indulge<l in and the .spetsl with which behavior 
II was learned. In considering, on the other lumd, the individual 
records of Group I in huirning pn»blcm 1 1, we .see jiust as forcibly 
that the frequency vvitli which behavior I (xtcurred had nothing 
to do with the speed of learning position 11. 

Actually, however. tht>.st> outcomes an‘ far from being opposed 
to each other. They nspiire a third aiul unifying principle. 
Frequency d<«‘s not sc«>m to have any cfU'ct cither in the estab- 
lishment (tr continuanc(‘ of plastic, <l<H-ile behavior. A learned 
re.sponse, however, which is at Ui'st “intelligent” and “insight- 
ful” and potentially plastic, npjtarently becomes through the 
operation of freguenry a stereotyped, unintelligent, and insight- 
less response. 

The usual way to repre.'wnt the transformation of uncoordi- 
nated bi'havior into a learinsl a«^t is, of courst>, the learning 
cur\'c. All usual learning ctir%’cs (fig. :l) have at least two 
distinct periods. There is the period .1/1, which represents 
“learning” as a pr<Hres.s, then the level line /f-G which represents 
the learned act, the rcsidt of .1-/1. It is assumed that continuing 
the behavior of tlu* animals after they ha<l reached their “physio- 
logical limit” (at point C) would in no vital way change the 
p.Hychological make-up of the behavictr. That is, the behavior 
at K would be the .siune as at C. Yet, in the light of our findings 
such asHumi)tions are unwarrantetl. The Isdiavior at JS or C is 
docile, “insightful” behavior, at I> or A’, stereotyped, non-plastic 
behavior. P.sychologically the two behaviors tliffer tremendously. 

We have further seen that this difference is in some degree 
a function of frtsjuency. Considering our theoretical curve 
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again, we would say that frequency played no role in the perio<l 
represented on the curve between A and C, tlien, somewhere, if 
the curve is continued, frequency steps in and I)~E becomes a 
function of frequency. 

As far as external behavior alone is (;one«‘rne<l, om' could 
not tell whether the behavior were of the “intelligent" or 
“fixated" type. That is, the animal runninjir at E is doiiiff the 
very same things as the animal running at C. The t(‘st to apply 
to differentiate the two is that of changing the situation. When 
we do that the behavior of “C” type (s<'e record for (Iroup I) 
changes almost immediately in acconlance with the situation, 
while the behavior of “E” type <1(m>s not changt*. hut remains 
constant despite the fact tliat such behavior is no long»*r appro- 
priate (.see record for (Iroup 111, tahh* 4). 

Frequency, in otlnu* words, {ha's not explain Ifarniny, hut 
rather, lack of Icandng. Fre<iuency dews not explain th«> taking 
of the short path by the animals of (Iroups 1. II, ami III in 
position I, but it dws explain the taking of the limy path on the 
part of the rats of (Iroups If ami lit (position 11). 


KUMjrAHY AND t^ONCIdlSlONS 

Three gi’Oup.s of t.<‘u animals each were run through a series 
of two antagonistic iong-.short diserimination.s. 'I’hesi* three 
groups were equal in all respects <*xcept in the frequency wdlh 
which they weni allowed to perform om* Icarmetl resp<in.si* before 
being shifted to the antag<mistic dlscriminatiiin. From a c<in- 
sideration of the records tin* folUiwiug (sinelusitms are drawji ; 

1. Frequency appears to have no causal value in initiating 
and contintiiug a l(‘arn<*d, dcK'ile n*spons<‘. 

2. Fretpiency is one of tht* causal agencies in transforming 
a docile re.Hpons(> into a ‘'fixated" respon.si*. 

3. A differentiation is thus made between a learned response 
which may have all tin* charactcri.sfi<!s of plasti<uty, <l<s'ilify. and 
“insightfulness ’’ and a learned respomse which may lack all 
these. 
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“HYPOTHESES” VERSUS “CHAlfCE” IN THE 
PRE-SOLUTIOH PERIOD IN SENSORY 
DISCRIMINATION-LEARNING* 

BY 

I. KEECHEVSKT 

In a previous paper^^^ it was pointed out that a reexamination 
of the data obtained from sensory discrimination experiments 
necessitates the adoption of a new description of learning'. It 
was found that instead of considering the first part of ^ learn- 
ing” as consisting of random, haphazard behavior, we must 
recognize that the animal, during that period, is responding in 
an orderly, systematic manner. He is attempting various solu- 
tions and giving them up when they fail, until he hits fibaally 
upon the “correct” one. The present paper presents part of the 
experimental evidence for such a thesis. 

As originally planned and carried out, the experiment 
involved the setting up of two discrimination habits in each ani- 
mal — a visual and a “hurdle” habit — as well as a study of the 
general problem of transfer of training. The present report will 
concern itself, however, only with that part of the study relevant 
to this question of hypotheses. And for this purpose the results 
of the “hurdle” discrimination only will be considered.^ 

In his Brain Mechanisms and Intelligence Lashley made the 
first suggestion of a possible relationship between two often 
observed phenomena connected with the setting up of discrimina- 

* Acknowledgments are due Professor T, IST. Jenkins, of New York Uni- 
versity, Tinder whose supervision this research was carried on, and to Pro- 
fessor Prances Holden for valuable criticism and aid. 

1 A complete report of the experiment is on file at the graduate office of 
New York University. 
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tion liabits by the white rat — the peculiar shape of the learning 
curve and the tendency of the animal to form various position 
habits before mastering the problem. “There are many indica- 
tions,” he writes, 

that .... in the diserinunation box, responses to position, to alternation, 
or to cues from the experimenter’s movements usually precede the reaction 
to light and represent attempted solutions) that are within tho rat’s custom- 
ary range of activity. .... The form of the learning curve is the more 
significant when considered in relation to such behavior .... it suggests 
that the actual association is formed very quickly and that both the practice 
preceding and the errors following are irrelevant to the actual formation of 
the assoeiation.2 

In other words, even when the “learning curve” appears to show 
“random” behavior the animal may be responding in a wholly 
systematic manner. Lashley regrets, however, that “there is no 
present way to record such behavior objectively and I can present 
the description only as an impression from the training of 
several hundred animals in these problems. ’ The data from the 
present experiment have been examined in the light of Lashley's 
suggestion and an attempt has been made to devise a method for 
the objective determination of the validity of that suggestion. 


, , PROCEDURE 

Apparatus — 

The apparatus used was a modification of Stone’s mutiple- 
unit discrimination box.^^^ The box consisted of four equal 
units, each unit presenting to the animal one discrimination and 
each unit continuous with the other. 



Kg. 1 


Figure 1 shows the ground plan for the whole apparatus. 
The animal is started from a small “home” cage just outside 
the entrance to the first box. The door, operated by a gravity- 


2 Italics mine. » Ihid. 
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string arrangement, opens np into passageway x-y. gi and g2 
are metal guards serving to force the animal in a straight line 
toward the stimulus panel a-e. The mid-part of the box (afle) 
contains the two stimulus chambers. Triangle po is a metal 
partition which not only serves to separate the two chambers, ah 
and ce, but is also so constructed as to prevent any light rays, 
entering from the second tmit through door »w, from reaching 
the animal in the vestibule gl-g2. It also serves to prevent the 
possibility of the animars iletecting the presence of the obstruc- 
tion {door d2) in either of the two alleys. 

Door d2 swings on a pivot at o, so that, at the will of the 
experimenter, alley ah or can hecom(‘ the correct alley and the 
other, the cul-de-wic. In figure 1 the door is so arranged as to 
make ab the correct alley. When the animal enters the correct 
alley he is allowtul to pass through pathway mn and into the next 
unit where he is pr('sent(‘d with the v(*ry same situation as in the 
preceding unit. Immediately after entering tlu! next alley, the 
door of the next box, corresponding to door x-y, is dropped so as 
to prevent ujiy retracing. 

For the most part the floor plan of this box is quite similnT - 
to Stone’s apparatus except for a few insignificant differences in 
dimensions. In arranging the stinmlus panel, however, a radical 
departure was ma<le from Htone’s ap{)aratus. Figure 2 is a 
three-dimensional <lrawing of the stimulus chambers.* 

In the hnrdle discrimination .s<*t-up the only differentiating 
factor between both alh^ys was the p^es^mc(^ of the hurdle. The 
animal actually had to climb this obstrtiction in order to gain 

♦ The section labellod nbne is in tho wune position as the section simi- 
lariy labeled in figure 1. In figure 2, afgb a»id oMe are the two tunnels 
through which the rat must run. Ttuwo tunnels are divided into an upper 
and lower part by a plate of translucent glass at fff running parallel with 
the floor of the 1 k>s. Tlio up{MW part contains tlu( olwitrie lights and the 
lower is the tunnel through which the animal runs. The tops of the two 
stimulus boxes are covered. Most of the light is dirw.ted through the trans- 
lucent frostwl glass plates over the tunnels afffb or cktc, as the case may 
be; i.6., when the apparatus is use<l for setting up a brightness discrimina- 
tion or else, through Isith tunnels ns in the hurdle discrimination. At points 
M, S, 4 and I, holes were boretl which {>ermitt«*<l the insertion of a hurdle 
at the entrance to inth<*r nliey, as is indicattsl in figure 2. 
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entrance into the alley. The presence of the hurdle was meant 
to indicate the correct alley, i.e., the hurdle was the positive 
stimulus. While we are primarily interested here in the hurdle 
results, perhaps it would be appropriate to discuss this apparatus 



Kg. 2 


as used in setting up a brightness discrimination as well, since, 
in an experiment to be reported later and attacking the same 
general problem as here presented, brightness discrimination was 
used with this apparatus. 
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In making* the correct choice (brightness discrimination) the 
animal is not only forced to go toward the light (as is the case 
in Stone’s box) hut he is actually forced to go into and through 
the light as well. This difference in procedure has some theoreti- 
cal significance and one which, while it seems to be more and 
more recognized in actual practice, has not yet, by the very 
experimenters who make use of it, been explicitly acknowledged.® 

The Gestaltists have been most forward with their criticisms 
of the usual experimental set-up used in studying animal learn- 
ing on the ground that too often the animal is required to build 
up a wholly artificial connection between a given stimulus and a 
given response, with the result that the consequent performance 
does not give us a true picture of what the animal can do in a 
more “natural” and reasonable problem situation. The stimulus, 
as in the case of the usual discrimination box and as is also the 
case in Stone’s box, is not something that is intrinsically con- 
nected with either the animal’s response or his “reward,” it is 
merely something the experimenter brings ah extra and imposes, 
or wishes the animal to impose, upon the situation. In discussing 
this very point, Kohler writes. 

The electric shock, for instance, applied to the legs, is not intimately con- 
nected to the task of getting a red spot as the negative stimulus.'^ There 
is only a very loose conn^tion between them in space and time. If that spot 
itself would make a sudden movement against the animal and so frighten 
it .... we should certainly have a situation much nearer the animal’s 
learning in common life and a more efficient one. 

In other words the stimulus, the response, and the conse- 
quence should all be intrinsically bound together; the whole 
should make a meaningful combination. We have some actual 
experimental evidence to bear out this assertion. Hubbard^^^ 
found that while it took a group of animals an average of 99.3 
trials and 29.7 errors to set up a light-dark discrimination when 
the animals were forced through the stimulus, it took another 
group of animals an average of 174 trials and 56.9 errors to set 
up a similar habit when the animals could merely travel toward 

5 Since writing this section, a publication of N. L. Munn(6) has appeared 
which points out many of the considerations stated below. 



32 TJnvversif'if of California Publications in Psychology [Vol. 6 

the light. Unfortunately the results of that experiment are partly 
vitiated by the experimenter’s failure to control other differences 
in stimulation between the two groups, such as tactual stimula- 
tion, etc., however much the same suggestion is implied in the 
surprising efficiency of Lashley’s new technique for setting up 
form discrimination habits.*'* Here, also, the animal is required 
to jump through the stimulus pattern. This very fact may 
account for the ability of Lashley to demonstrate form discrimi- 
nation in the white rat where previous experimenters have failed. 

The results of this experiment also tend to support Kohler’s 
point. It took the 40 animals an average of but 13 trials and 21 
errors to set up a visual discrimination. 

It is also apparent that in the hurdle discrimination set-up 
we have the same desirable situation. Here the animal must not 
only see the hurdle and travel toward it, but he must also 
actually do something with it. Hurdling the obstacle is an intrin- 
sic and necessary part of the response. The set-up, in general, is 
one which should encourage rapid discrimination learning. 

Ammals — 

Forty previously untrained male albino rais, about three 
months of age, were used as subjects. 

Method — 

No animal was used for experimental purposes until three 
weeks had elapsed from the time he had been received in the 
laboratory. Thus every animal was given a period in which to 
adapt himself to the general-laboratory conditions. During these 
three weeks of aeclimitization tibe animals were fed once a day, 
at about the same hour that their training series was to be run, 
in a special feeding cage. Their diet consisted of “McCullum’s 
Mixture” plus a semi-weekly ration of lettuce. Fresh water was 
always available. 

All runs were made at night. A night’s work consisted of ten 
trials per animal. This program was adhered to until the animal 
satisfied the established norm for learning. 
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During the runs the experimenter was seated away from the 
apparatus and was able to observe the behavior of the awimg] 
through a series of mirrors which allowed a full view of the box 
and its contents from one point of observation. The only light in 
the room, during experimentation, came from within the appa- 
ratus itself. Since the top of the apparatus was covered with a 
fine mesh wire, it would have been almost impossible for the 
animal to be able to see anything outside of the box. The mirror 
arrangement also obviated the necessity for the experimenter to 
move about during the run. 

Special care was taken in drawing up the order of presenta- 
tion of stimuli, to avoid introducing any but chance orders. It 
will be seen that the situation in this discrimination box is more 
complicated in this resp«H!t than it is in the single-unit discrimi- 
nation box. In the latter ea.H(‘ it is merely necessary that the 
positive stimulus be on the right as often as on the left, but in 
the present ea.H<‘ it is not only nec<«ss{iry that the total number of 
stimuli be equated for their position, but also that each unit be 
equated for that factor. The order of prcfumtation for ten trials 
is given below. 

Trinlii I a :i 4 « 7 H n 10 

TTnit 1 r 1 I ! r r r 1 r 1 

Unit 2 r 1 r r 1 1 r 1 1 r 

Unit 2 1 I r r ! r 1 r 1 r 

Unit 4 r r 1 r I I r 1 r 1 

This ordor sufficed for ten trials or for ono day’s runs. Every 
day the sjime order wa.H retM‘ate<l. It is highly improbable that 
the rats learned this order, sinee the s<‘ries contains 40 items and 
in no ease was any rat presentecl with the series more than 12 
times. Every rat was, of eotim*, giv<*n the same series. 

At the end of eneh trial the animal found in his food box a 
cube of miIk-8oake<l hrea«l. This culx* was cut to a predetermined 
standard size whitih lu-lped to e<piafe somewhat the reward 
received by the different atiimals and the reward received by 
the same animal from trial to trial. The animal, however, did 
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not depend upon this diet for maintenance. After he had com- 
pleted his day’s work he was transferred to his feeding* cage in 
the animal room where he was allowed to feed on the balanced 
ration of ‘'McCullum’s Diet” for an hour. 

In keeping records of the performance, the following factors 
were considered : (1) jerbors. An error was counted if the animal 
inserted his head into the wrong chamber. Complete entry was 
not necessary.® (2) position responses. Not only was a record 
made of the animal’s response on the basis of the ‘‘correct” 
stimulus, i.e., whether he entered a blind or a true alley, but the 
side of the box (left or right) was also noted. (3) norm for 
LEARNING. The problem was considered mastered when the ani- 
mal completed five errorless runs, that is, twenty consecutive 
errorless discriminations. 


RESULTS AND DISCUSSION 

In order to obtain significant data in attacking our problem, 
namely, the relation of the shape of the curve to the various 
“interfering” position habits, we could not content ourselves 
with plotting the usual type of curve. The method we finally 
adopted, and the reasons therefor have been stated in detail in 
the previous paper,^®^ but for convenience we might briefly sum 
up the process here. 

After the animals had mastered the discrimination problem 
the entire performance of each animal was individually analyzed, 
and the resulting learning curves were individually plotted. For 
each rat the following items were determined: (1) the number 

6 StoneCT) in. working with his apparatus isolated three different kinds 
of errors: (1) advancing into the wrong alley; (2) entering the correct 
alley, but instead of continuing on into- the next unit, retracing back into 
the same unit; (3) entering the wrong alley but retracing before actually 
coming into contact with the obstruction. Stone states that ho found this 
third type not definite enough or objective enough to be of any value as dif- 
ferent from the first type, and that errors of the second type were so infre- 
quent (another instance of the rapidity with which an animal can build up 
a general foreward-going tendency) as to be of little value. While these 
three types of errors were also observed in this study the same objections to 
their consideration were found to hold as in Stone's study. 
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of “errors” the animal made each day; (2) the number of turns 
to the left; (3) the number of turns to the right; (4) the number 
of turns which were in keeping with an “alternating” scheme; 
and (5) the number of turns in keeping with a “perseverance” 
scheme. 

In considering the resulting curves one must be certain that 
the locus of any point on any one curve is a significant one. That 
is, since we are graphing aImo!}t every response of the animal it 
is imaginable that by a certain combination of circumstances 
some one curve will always appear to show systematic behavior 
yet actually be a chance fluctuation. To meet this criticism, the 
extreme limits beyond which chance alone would very rarely send 

any one curve were (letcrmine<i by the use of the formula o- = 

1 N 

That is, if chance were the .sole th^termining influence for any 
one curve, that curve shouUl never go beyond 50 per cent ±: 3<r. 
Doing this we find the <r for 40 ehaius's (one day’s work) to be 
7.8 per cent, which would give, for the extreme, limits of chance 
fluctuations 50 e 21.4 per cent, or 28.0 aiul 71.4 per cent. The 
graphs havci so bwn const rmded as to concern only the upper 
limit, i.e., 71.4 p<‘r cent. This limit, to facilitate inspection of the 
curve, has been in<ticat<*<l by drawing a lin<* at the proper point 
acrofis each graph. 

Now, if any of the resulting curves should go beyond this 
limit we can be fairly certain t hat such a change is owing to some 
systematic cause?. If, thendore, any of th(‘ “position” curves go 
beyond their chance zone limit, while the “<(rror” curve remains 
on the 50 per cent lint? we would be justified in saying that, 
during that period, the animal is responding to the situation in a 
systematic itj)atial manner ; then, if that spatial curve goes back 
to the 50 per cent line and the “hurtlle” curve goes beyond the 
chance limit and finally reaches 100 p<?r cent efficiency, we have 
a perfectly objectivt? demonstration of Lashley’s suggestion. 

We an? now rt?ady for a tli.s<?ussion of the actual graphs. Out 
of the 40 graphs, flgun^s 3 to fi repreH<‘nt sjimples of the most 
clear-cut curvft.s. 
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In figure 3 we find the rat, for perhaps the first five days, 
running according to “chance,” that is, his “error” score 
remains well within the pure chance zone ; then, during the sixth 
and seventh days he very rapidly brings his error score down, 
indicating complete mastery of the problem. A consideration of 
the broken-line curve, however (the curve representing the ani- 
mal’s turns to the right side of the box), shows that such a 
description is misleading and entirely untrue. The animal, dur- 
ing the first five days was not running by “chance” ; the animal, . 
during that period was behaving in a definite, systematic man- 
ner, hut on a spatial basis. During the so-called “chance” period 
the animal adopted, brought to near-perfection, and then sur- 
rendered a perfectly legitimate and unified “attempt at solu- 
tion.” His choices on the basis of the presence or absence of the 
hurdle represent a second systematic series of responses, which 
was preceded by a different, but nevertheless just as unified 
series of responses. 

In this specific case then, learning did not consist of hap- 
hazard chance responses which finally (through the action of the 
various Laws of Learning) became systematic, but learning con- 
sisted of one systematic series of responses followed by another. 

Figure 4 represents the performance of another animal who 
also happened to show, as a previous “attempt at solution,” a 
right position habit. The implications here are also clear and 
need no further discussion. 

In figures 5 and 6 the “attempted” solutions are an “alter- 
nating” and “perseverance” habit respectively.’’ 

A more detailed analysis of these curves strengthens the sug- 
gestion that the interpretation here proposed is a valid one. 

7 The chance zone for these two habits will, of course, differ slightly 
from the chance zone for the left or right position habits, because that for 
the latter habits is based on 40 choices, and that for the fonner habits on 
but 30 choices, since the animal’s first choice at every trial could neither 
be considered as '^alternating” nor "perseverance.” Only the last three 
choices of each trial were therefore considered. Tliis difference in number 
of choices gives, as the for the last two habits 9 per cent with the limit 
as 77 per cent instead of 71.4 per cent. 
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A point that should be noticed in these curves is the close 
similarity between the rapidity with which the animal builds rip 
his position habit and that with which he builds up his hurdle 
habit. Thus in figure 3 it took the animal four days to bring his 
right position habit to the point of greatest efficiency, and it also 
took him four days to bring the hurdle habit to the same degree 
of efficiency. (It is obvious that this is so only when we consider 
the hurdle curve as beginning where the position curve leaves 
off.) The same is true for the other curves. This striking fact 
is a further substantiation of the assumption that the adoption 
of the various position habits is a real phenomenon of the learn- 
ing act and not some “chance” epi-phenomenon ; as real, at any 
rate, as is the adoption of the hurdle discrimination by the 
rat, the same organism showing in either behavior the same 
characteristics of speed and efficiency. 

Another point to be made is in relation to the “difficulty” of 
a discrimination problem and the resulting shape of the learning 
curve. It may be pointed out that the “typical” discrimination 
curve is obtained only where the discrimination involved is a 
more or less difficult one; where the problem is “easy” no such 
curve results. We can see, from our proposed relationship 
between the shape of the curve and the animals’ adoption of the 
various position habits, why one should expect that very thing. 
We call that discrimination problem “easy” for the animal 
which requires but a few trials for its e.stabli.shment. In order to 
establish any sensory discrimination habit rapidly the animal 
must “pay attention to” (“react to”) the correct stimulus from 
the very outset. That would mean that the experimental situa- 
tions were of such nature as to make outstanding and most obvi- 
ous the “correct” stimulus. This would further mean that the 
animal’s first “attempted solution” was the correct one and 
therefore an analysis of his performance would reveal no other 
systematic “attempted solutions,” with the result that his 
“error” curve would never remain on the 50 per cent line, but 
Would show the same characteristics as the maze-learning curve, 
i.e., steady improvement. 
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Fi^re 7 sh.ows a concrete example of the argument proposed 
above. Here the curve for the hurdle habit is atypical, it does 
not show the usual picture, but rather resembles more closely the 
curve obtained from the lightdark discrimination (see fig. 9), 
the “easy” discrimination. It appears that here the animal “hit 
upon” the correct stimulus from almost the very beginning with 
the result that he solved the problem with extreme rapidity. This 
would mean, according to the interpretation suggested above, 
that the animal did not at first attempt other “wrong” solutions 
as, for example, spatial solutions. That is exactly what hap- 
pened. The two curves representing the four possible position 
habits stay very close to the 50 per cent line, although they are 
not forced to do so by virtue of the locus of the hurdle curve. 
In other words it would have been possible, statistically consid- 
ered, for the two position curves to go well beyond the 50 per 
cent line at the same time that the hurdle curve was at the 70 
per cent line ; nevertheless they failed to do so, the animal was 
not attempting a position solution. 

It was remarked above, when introdiicing our curves, that 
we were reproducing only some of the most clear-cut ones. Not 
all of the remaining curves show qtiite the same things as those 
which we have reproduced. Out of the 40 curves, perhaps 15 
are of the very same type as illustrated in figures 3 to 6 inclu- 
sive. The others are more confusing in implications. In figure 8 
we have an example of a curve which does not fit in with our 
description of the others. While this curve is of the po.sitively 
accelerated type, and in that respect shows a similarity to the 
others, nevertheless the curves representing the position haJ)its 
for this animal do not show the same characteristics as the other 
curves; none of the four possible position habits going beyond a 
chance fiuctuation. This curve, and it must be admitted there 
are a number of them, need not be interpreted however as contra- 
dictory to our general thesis. As a matter of fact, a close analysis 
of these very curves strengthens our hypothesis. Itegarding 
figure 8 more closely it will be seen that while neither the right 
position habit nor the perseverence habit ever get beyond the 
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chance zone, the two curves do depart a little from the 50 per 
cent line, and depart from that line at the same time. On the 
second day both curves reach their maximum together. This 
suggests that at any one time (that is, over the space of one 
day’s trials) the animal was responding not to one position 
habit, but to two, alternately. Further analysis proves this to 
be quite a tenable view. Upon inspecting the animal’s individual 
responses more closely it was found that of ihe ten responses (on 
the second day) which did not fit in with the perseverance scheme 
eight were choices to the right 1 Every time the animal departed 
from his perseverance scheme he went to the right side of the 
box. Only two times out of all 40 possibilities did he make a 
response which fitted in with neither ‘‘hypothesis.’’® This vacil- 
lation on the part of the rat, between a perseverance ‘habit and 
a right position habit, would prevent the curve representing 
either habit from reaching a point outside the chance zone. Such 
behavior, however, is not different from the other behavior we 
have analyzed. In this case the animal, instead of making but 
one systematic attempt at solution before hitting upon the cor- 
rect one, tries several, and each for a short period of time only. 
Even in these curves then, we fail to find room for haphazard 
and non-unified behavior patterns existing at many points of the 
learning process. 

An analysis such as has just been made lays itself open to 
serious statistical criticisms. Essentially what we have done, the 
argument may be, is that by considering every response as part 
of some systematic form of behavior, we have of course elim- 
inated, ipso facto, the possibility of finding any “chance” 
responses. Such a criticism is difficult to meet here. All our 
learning curves are so short as to make it impossible to deal with 
our data in the statistical manner required in order to prove 
that our combinations of these various position habits do not 
lead to artifacts, but are statistically justified. In another experi- 
ment, the report of which follows on pages 45-64 of this volume, 

8 Tor the use of the term hypothesis ’’ to describe these, various ‘^at- 
tempts at solution see our introductory paper ^‘Hypotheses in Rats^' (3). 
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the set-up was one which gave us longer learning eur\'es and 
more data with the result that we were able to demonstrate quite 
definitely the validity of our method of eomhining the respcases. 

Throughout this paper we have been forced to present the 
data of individual animals only. Nowhere have we been able to 
call upon group results. The reason for this is obvious. Au 
analysis siieh as we have made hew' wouhl be impossible if Tire 
were to content ourselves with obtaining hypothetical averages 
of the hypothetical average rat and draw hypothetical learning 
curves. We feel that real and valitl information in reference to 
the behavior of organisms can be obtaimsl only by studying the 
actual individual as an individual, i^uch a metluHl however has 
the obvious drawback of appearing non-<|uantitative in nature. 
We have attempted to devist* some manner of pnwnting these 
results as group resiilts. Tlw* value of such procedure is to sug- 
gest that the behavior, ttf which up to now we hnv** merely given 
samples, is univensid for the white rat. 

The evidence is shown in table 1. 'I’lils table was con.struetcd 
in the following manner : The curve for each rat was surveyed, 
noting for each position habit thi‘ iow«'St point on the curve. 


TABI.K I 

Pbrcentaoes or Maximai. KmetBsev HsAeiixn iiv AsiMAta in 


lUnnoiNo Ur PosiviOvV Hasits 

Habit 71-75 Tfl-Stl «I M.l »fl Uil HI «.1 fl.'S-IOo 

Bight 2 5 3 4.1 

Loft .'Ill 

Perseverative 4 2 1 .. 

Alternating .'i 2 4 .. 

Total 12 10 8 5 1 


(Thus for rat |810-(1, flgurt* 6, the lowest ptiint f<»r the persever- 
ance habit would be 87 per cent; for rat ni-l), figure 8, the 
lowest point for the right position habit wouhl be <>2 per cent 
and for the perseverance habit, 67 per cent, an»l .so forth.) In 
table 1 are presented the frequeney of mtcurrences of these points 



1932] Krechemky: Sensory Discrimination-Learning 43 

for the four possible position habits. Thus, five curves (from all 
40) reached the 76-80 per cent line of efficiency for the right 
position habit, etc. It will he seen that in M there are 36 cases 
of position-hahit-curves going "beyond the line allowed by chance 
{73 per cent) ; twelve of these reaching an efficiency between 71 
and 75 per cent; ten, between 76 and 80; and 14 between 81 and 
100 per cent. In other words, the tendency to bwdd up a syste- 
matic series of responses during the so-called period of chance is 
characteristic of most of the rats studied in this experiment. 


CONCLUSIONS 

The characteristic form of the learning curve obtained in 
setting up discrimination problems was investigated in relation 
to the animal’s tendency to form various position habits prior to 
mastery of the discrimination habit. Objective and quantitative 
evidence is presented of Lashley’s suggestion that such position 
habits represent attempted solutions” on the part of the rat, 
and it is shown quite definitely that during that part of the 
learning performance, which is represented on the usual curve 
by an almost horizontal line at the 50 per cent point indicating 
no improvement, the animal is engaged in bringing to perfection 
various attempted solutions. After each ‘ ‘ wrong’ ’ solution is dis- 
carded in turn, the animal attempts another until he finally hits 
upon the ‘ ‘ correct’ ’ one. Four different such spatial ‘ ‘ attempts’ ’ 
at solution were isolated, a right-going habit, a left-going habit, 
a perseverance habit, and an alternating habit. The 40 animals 
used as subjects showed a total of 36 such habits before finally 
adopting the ‘‘correct” response, a hurdle discrimination. 

In the light of all the evidence presented here it is suggested 
that helter-skelter unorganized trial and error response as a 
description of the early part of the learning process is invalid, 
and that we must change our description of the learning process 
so as to recognize the existence of organized and systematic 
responses at all stages of the process. 
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the genesis 0F‘^HYP0THESBS’’INRATS* 


BY 

I. KRECJIIEVSKY 


INTROmiOTTON 

In previous papers^** the thesis was developed that the 
learning process consists of a series of systematic responses. In 
the light of certain experimental results it was i)roposed to 
regard the first part of the learning process as consisting in 
unified, meaningful and pur[)osive behavior. The term ‘‘hypoth- 
eses” was ])roposed for thes<‘ early systematic responses. This 
term carries with it c<‘rtain desirable theoretical implications. 
One of these implieatiotis is that an “hypoth(‘sis” is an indi- 
viduaTs cmirihutum to th(^ objective stimulus-field. That is, an 
“hypothesis” is not a r(‘sultant mer<‘ly of the actual, immedi- 
ately presented stimuli, hut also owes some of its genesis to the 
reacting individual himself. 

This paper pres(*nts iti detail the second s<^t of exptu’imental 
evidence cited in the first paper.^^‘ The method of obtaining 
crucial data in the pr(*s(‘nt (‘xperim^^nt was to ofTcr the animals 
an unsolvable problem, in the nenm that no one stimnlus (Kjcurred 
systematically with the “correct” alley. Any differential re- 
sponse to the situation and the stimuli therein would therefore 
have to be initiated, partly at least, by the animal himstdf. In 
other words, the presemu* of syst<‘matic forms of behavior in 
such a situation is to be inUmpreted to mean that these systems 
were determined not as something forced ab extra by the 
situation, but as something originating from the atiimal himself. 

* This is the third of ti Henries of investigationH <m |>ro«8(»lutlon 
behavior of the ajaimal in the Iwtrning situation. Wo wish to aoknowlodgo 
our mdebtodness to IVofossor Kdward 0. Tolnuwi and Dr. Itohort C. Tryow 
for advieo and criticism. 
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APPARATUS AND PROOKDIJRE 

The apparatus has already been deseribed in the seeoa 
paper.<-> Briefly, it consisted of a four-unit discrimination boj 
so constructed as to force the animal thn>u(jh the various sensor 
stimuli which were employed (Ak. 1). Extreme preeatitions wer 
taken in setting up the experimental situation so as to eliminat 
all extraneous cues. 



Nine previously imt ruined rats were run in this experiment. 
Of these nine animals, fivt* wt‘re pure albino mah»s, obtained from 
the regular stock of the I university of t'alifornia psychological 
laboratory; the otluT four, also iunh‘s, were pigmented rats 
obtained from b\, gtuieratiou <»f Trv<ufs “duir’ rac.e of rats.^ 

As far as could be <letermined the health of the animals was 
satisfactory throughout the exp<*rinient and at no time did the 
animals appear to be sluggish i»r unmotivat<sI. The animals were 
fed, besides the “reward”'-* which they receive<l at the end of 
each trial, a modified Htf*enhock tliet. 

All rats wert^ given two \Vf*eks of preliminary training before 
beginning the exp(»riment. The preliminary training consisted 
of feeding the animals onee a day (at the wime hour as the 
experimental runs were to he given) in the food box of the 
apparatus. 

1 Tluwe animaln havi* Jmhui bml fur in j>erfonnance, 

That such bnuwUnff is iwissiblo is iimnlv by the sigruficaat 

studies of Tryou (5). 

2 Th<* reward consistt'd of a constant of soaked in a 

rich milk. This fonn of roward poriuittini a fairly <‘oiwtiint amount of food 
after every trial, a fiwtor which is oxtrimudy immirtunt when It Is nocessary, 
as it was in this ox{H*rimo«t, that # irr*/* pi^rformiinfo at tho animal be 
equally rewunlwi. 
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The actual experimental situation consisted of presenting to 
the rats the usual brightness discrimination set-up, i.e., one alley 
darkened and one alley liji^hted, but instead of arranging the 
apparatus so as to allow the animal eventually to solve the prob- 
lem, no opportunity wiis given the animal to iussoeiate the light 
or the dark with the ‘^correctness’’ of the alley. Sometimes the 
lighted alley was the open one, sometimes the darkened ; some- 
times the alley on the right, and sometimes the alley on the left 
No matter which form of consistent behavior the animal adopted 
he would find himself bloc^ked at least 50 j)er cent of the time.® 
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Explanatum.- 

—The l<*tt(^rH imlicate the 

position of the lighted alley, 



for loft and for right. A capital letter indicattH* that the lighttnl 

alley was the open one ; a Hniall letU*r, tlmt tlio lighttnl alley was th<^ blocked 
one. For cxanipl<», in th(» llrnt trial tht^ lights were nrrangtHi in a. right-left- 
right-left order, but in the Unit unit the open doer waa on the in the 
second on the left, in Uu^ third on the right, and in tlie fourth on the l(‘ft 
again 

The animals were given 12 trials per day for 14 days. Since 
each trial meant four (liscriminations, a r<‘cord of 672 dis(*rimina- 
tions per rat was obtaixu*d/ 


8 Schedule A giv<*H tlu\ ord<‘r of pnwntatiou of Ktiinuli. The order riK it 
is shown in the H<'h<‘dul<^ in on<^ which mak<^ rvrri/ unit of the? apparntua 
equal in the following cHHcntial rcKjaadH: (1) the numlM^r of timcB the 
lighted alley in c.orrtH’t in equal to the number of tinier the darkemal alley 
is correct; (2) the number of timeH the lighte<l-op<*n alley jb on the right 
side of the box ih (*qual to tin* number of timw tlu^ light(Ml' 0 |n»n alley in on 
tho left side of the box; (2) the Hume in true for the tlarktuied-open alley, 
the lightod-cIoBod iilley, and the darkenwl“Clt»H<Bl alley; (4) the numlK^r of 
times tho darkene(l-ordightc‘<l*o|M*n alley is on the Ham<s Hid<^ of the box as 
tho open alley in the pn‘ci‘ding unit is equal to the number of tinu^ it i« 
on tho opposite Hi<l<^ (In this connection h<hh habits Nos. 3 ami 7 ladow, 
p. 5.) Tims for eaoh unit nt> one HtimuluH'relntiouHhip in favored. 

* Tho first 12 trials -woro divid<Hl over a jH*riod of two days. That is, on 
tho first day the animnlH wore given only half their trials and on the Bwond 
day, tho other half. Hturting with the third <lay each animal ran through a 
full day's scIuhIuIc. Thun actually the animalB were run for 15 days. 
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In our provious work four <iifTon>nt systomatie types 
responses were found, any one of wliieh the animal might atte® 
when placed in the diseriniinatioti box. These four respons 
were: (1) a right position habit, (2^ a left position habit, (3) 
perseverance habit, and (4) an alternating habit. Inthisexpei 
ment, where we are testing for th«‘ pre.s«‘nei* of any systemat 
behavior on the part of the rat. the more nuiction possibilitii 
we investigate the ehxser we should la* able to get a real uada 
standing of the behaving animal. From a consideration of th 
experimental set-up and from an olwervation of various phase 
of the animal's behavior in tlu* apparatus, the three followinj 
“habits” wereaddeil to our list tif luissibilities: (a) alight-goinj 
habit, (6) a <birk -going habit, and (7) a vksual-perseverano 
habit.” The.se last three habits are visual ones and together will 
the four sjjatial ones mentioned above taken in, perhaps, manyoi 
the respon.ses that the atdmal might adopt. It would be unwar- 
ranted, however, to a.s.sume that this list <M»mpletely exhausts tk 
possibilities of .sy-stematie behavior <in the part of the animal. 

The method of analyzing the data was to go over each day’s 
responses of each animal ami record the number of these re- 
spomsi's which were in keeping with each of the above possibili- 
tie.s. Then, if tlu* animal wius, at any time, behaving in any 
.sy.stematic manner, we would at once beeome aware of tliat fact 
through the daily inspection of all the habit .seore.s. 

It was stated above that the stimuli wej-e s<i arranged as to 
favor none of the above mentnuietl possibilitie.s. The aninml 
therefore, if he «lepended upon ehanee. <ir if he ran in an aimless 
and chance fashion, should have made none of thesi* responses 
more than fiO per cent <»f the time on any one day. If, however, 
the animal's score f(»r any one habit i .rrt rilrii the score expected 
by chance we wouUl be justitled in assuming that the animal was 

* Hy a “ visual jN'tsttveninee" hiit>it is nu'siit «•»•» where the aalmal is 
any unit (I'Xeept ttie very lirst one) enters tliat ulti-y which is of thessnu 
briffhtnrst as th« «|inn alley ef tlie just jini'i-ling unit. Ptir example, if ths 
anim&I fiwfovorn that in unit t th*'' tUkri- ulhn m th*^ or open 

alloy, thi*n, whijn h** tit unit li*v vihynihl (t** hav^ hU remnse 

creditinl lut a viituul tnu-i th*" thirk uM*"), In unit 3 he should 

enter that alley (Ujjht ur «iitfk) vrhh'h h*" fouiul in unit 2* 
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responding in a systematic manner. For the sake of convenience 
in analyzing the data, all the scores for each animal were trans- 
lated into curves (see fig. 2). 



l-’iK. 2 


To make certain that we <H<i not as<!ril)e any significance to 
a chance fluctuation, tluf limits wer(‘ d(d.ermined In'yond which 
any one of tlic possiliU* eurv«'s would very randy go if chance 
alone were operating. This was done by the use of the formula 


SD = 



Any eurv(*, therefore, that went beyond 50 per 


cent ± 9(r, w(> f<dt fairly e(‘rtain was not to be attributed to 
chance but ratlu'r as signifying flu* pr<*sence of some systematic*, 
cause forcing the animal’s b(*havior 

In figure 2 can be .seen one of the rc'sulting graphs. The dif- 
ferent curves r{*pr(*.sent the* different possible systematic habits; 
the horizontal line's at; the 50 per cent point and various other 
percentage points indicate the upper “chanc(*-zone” limit for 
the various poasibilitic's. 

The analysis of the data, as made throughout the experiment, 
is applicable to individual performances only. It would bo mean- 
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ingless to attempt to draw a "group” eun'C; the only thing to 
do would be to present the individual curve for each rat. Such 
a procedure is undesirable on practical grounds, and so, instead 
of presenting the data in graphic form, the data for each rat are 
presented in tabular form in such a way as to allow the reader to 
follow the rat’s performance day by day and see just what the 
rat was doing each day. Tables 1 through 8 present these data. 
Under the appropriate headings the percentage of responses that 
the animal made each day for the various habits are indicated.' 


TABLE 1 
Rat W2 


Day 

Correct 

choice 

Dark 

choice 

Hiicht 

choice 

Combined 

habit 

1 

46 

62 

» 

83 

2 

46 

58 

67 

87 

3 

46 

58 

69 

85 

4 

38 

62 

SS 

dB 

5 

46 

54 

as 

H 

6 

42 

62 

71 

n 

7 

48 

60 

69 

n 

8 

52 

48 

77 

87 

9 

54 

58 

S7 

98 

10 

56 

48 

8/ 

9B 

11 

52 

48 

Hi 

90 

12 

44 

52 

I m) 

96 

13 

56 

52 

sn 

94 

14 

52 

52 

1 m 

98 


Total responses — 672. 

Choices to right — 521, Choices to (iark'~373. 

Choices to left — 151.* Choices to light— 21H). 

* Of th68« 151, 56 or 37 per cent were 

« Only those data are here reproclucinl which eonccTn habits persisted in 
a significant number of times. Tliat is, if the animal mnwr mad© better than 
50 per cent on a given habit, that habit is not considenHi in these tables. 
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TABLE 2 
RatWG 


Day 

Correct 

choice 

Dark 

choice 

Right 

choice 

Spatial 

Alternate 

choice 

Visual 

Problem 

choice 

Combined 

habits 

i 

1 

50 

58 

38 

53 

76 

73 

2 

42 

54 

46 

76 

58 

75 

3 

40 

56 

65 

67 

61 

85 

4 

38 

67 

79 

50 

56 

98 

5 

52 

65 

81 

58 

5;^ 

98 

6 

54 

71 

79 

SS 

53 

100 

7 

44 

65 

81 

56 

56 

98 

8 

46 

65 

87 

44 

44 

100 

9 

54 

62 

79 

44 

44 

96 

10 

60 

65 

81 

50 

50 

98 

11 

52 

75 

! 75 

53 

53 

98 

12 

48 

69 

75 

m 

50 

96 

13 

54 

77 

67 

m 

50 

96 

14 

52 

m 

52 

44 

50 

96 


Total respon8(^s-“*(172. 

Choices to right-— 471. Choices to dark— 449. 

Choices to left^ — 20 1 . Cho ices to light— 22»*h 


* Of these 201, 45 or 22.3 iHir cent were I^eft-Light, 

TABLE 3 
Hat W7 


Day 

Correct 

choiiH) 

Dark 

choice 

Uight 

choi<50 

Combined 

habit 

1 


67 


87 

2 




90 

3 


77 

60 

04 

4 


67 

50 

m 

5 


79 

67 

98 

6 


79 

54 

92 

7 


71 

71 

96 

8 

54 

71 

79 

100 

9 

54 

02 

87 

100 

10 

52 

52 

98 

100 

11 

48 

62 

so 

100 

12 


50 

100 

100 

13 


50 

100 

100 

14 


50 

100 

i 100 


Total responses -072. 

Choices to right— 020. Chtuces to dark— 431. 

Choices to left — 152.* (Uioices to light— 241. 


* Of these 152, 29 or 19 imr cent were lAghi-J^t, 
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TABLE 4 
Rat W8 


Day 

Correct 

choice 

Dark 

choice 

Bight 

choice 

Combined 

habit 

1 

48 

52 

60 

81 

2 

50 

50 

100 

100 

3 

50 

50 

100 

100 

4 

52 

50 

83 

92 

5 

52 

56 

90 

98 

6 

50 

67 

85 

100 

7 

52 

7S 

77 

100 

8 

52 

73 

77 

100 

9 

48 

69 

' 81 

100 

10 

48 

73 

77 

100 

11 

46 

71 

79 

100 

12 

60 

69 

81 

100 

13 

54 

75 

75 

100 

14 

44 

69 i 

81 \ 

100 


Total responses — 672. 

Choices to right — 551. Choices to dark — 430. 

Choices to left — 121. * Choices to light — 242. 


" Of these 121, 14 or 11.5 per cent were lAgM-L^t. 


TABLE 5 
Rat W9 


Day 

Correct 

choice 

Dark 

choice 

Right 

choice 

Combined 

habit 

1 

44 

52 

60 

81 

2 

50 

54 

75 

90 

3 

52 

73 

56 

90 

4 

46 

71 

71 

96 

5 

40 

60 

87 

98 

6 

50 

50 

100 

100 

7 

50 

50 

100 

100 

8 

50 

50 

100 

100 

9 

50 

52 

96 

98 

10 

50 

50 

100 

100 

11 

50 

50 

100 

100 

12 

52 

52 

98 

100 

13 

50 

50 

100 1 

100 

14 

50 

54 

93 

98 


Total responses — 672. 

Choices to right — 593. Choices to dark — ^369. 

Choices to left 79.* Choices to light — 303. 


* Of these 79, 24 or 30.3 per cent were Liaht-Left. 
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TABLE 6 
RatH58* 


Day 

Correct 

choice 

Left 

choice 

Day 

Correct 

choice 

Left 

choice 

1 

44 

69 

8 

54 

98 

2 

46 

92 

9 

50 

96 

3 

50 

96 

10 

50 

100 

4 

56 

H 

11 

50 

96 

5 

50 

100 

12 

50 

100 

6 

54 

96 

13 

50 

100 

7 

52 

94 

14 

50 

100 


* Since this animal showed but one habit there are no data for his “combined habits.’ 


TABLE 7 
Rat H69 


Day 

Correct 

choice 

Dark 

choice 

Left 

choice 

Combined 

habit 

1 

62 

67 

50 

83 

2 

44 

56 

65 

85 

3 

35 

48 

27* 

62 

4 

60 

69 

44 

81 

5 

52 

98 

48 

98 

6 

50 

92 

56 

100 

7 

56 

86 

65 

100 

8 

48 

81 

69 

100 

9 

58 

76 

71 

98 

10 

50 

92 

58 

100 

11 

48 

81 

60 

96 

12 

48 

81 

60 

96 

13 

52 

79 

60 

96 

14 

48 

69 

69 

94 


Total responses— 672. 

Choices to dark — 515. Choices to left — ^385. 

Choices to light — 157. t Choices to right — 287. 


* A right position habit. 

t Of these 157, 53 or 33,7 per cent were Right. 
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TABLE 8 
Rat H73 


Day 

Correct 

choice 

Dark 

choice 

Uft 

choice 

Combined 

habit 

1 

58 

54 


79 

2 

54 

78 


83 

3 

48 

69 


90 

4 

46 

79 


85 

5 

52 

81 


H 

6 

50 

87 

1 58 

98 

7 

52 

65 

77 

96 

8 

52 

78 

77 

100 

9 

50 

88 

67 

100 

10 

52 

78 

78 

98 

11 

50 

1 88 

67 

100 

12 

48 

77 

69 

98 

13 

46 

79 

67 

98 

14 

50 

87 

62 

100 


Total responses— 672. 

Choices to dark — 511. ('hoicea to Ii»ft — ^-418. 

Choices to light— 161.* Cho icea to nght— 

* Of these 161, 39 or 24.2 per cent were lAght-Right. 


TABLE 9 
Rat 1174 


Day 

Correct 

choice 

Dark 

choice 

Hijtht 

chtuce 

G>mbined 

habit 

1 

52 

78 


83 

2 

50 

77 


98 

3 

48 



98 

4 

52 

78 


96 

5 

48 

8S 


100 

6 

54 

88 

67 

100 

7 

52 

HI 

<15 

98 

8 

46 

76 

71 

98 

9 

! 60 

86 

m 

98 

10 

48 

90 

m 

100 

11 

54 

76 

76 

100 

12 

52 

86 

65 

100 

13 

50 

76 

76 

100 

14 

56 

86 


100 


Total responses— 672. 

Choices to dark— 534, Chokes to right -4*45. 

Choices to light— KiS.* Chokes to left - 227. 


♦ Of theee 138, 15 or 10.9 per <5ent were Light^l^, 
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When the percentage of responses exceed the percentage that 
might be expected by chance (50 per cent ± Sa) the entry is 
made in italics. Thus an entry in italics opposite any one day 
and under any given rubric indicates that on that particular day 
the animal was responding in the indicated systematic manner. 
(In both the ciu’ve and the tables .some data are labeled ‘ ‘ Com- 
bined habits.” Thest^ data are explained in detail on page 58.) 

The first striking fact that stands out from an observation 
of these individual records is that every animal eskMished at 
least one definite “JmJyit”; not one animal showed “chance” 
responses. In teble 10^ these habits hav<^ been summed up and 
it is seen that almost every rat a<lopted not one but two habits, 
while one rat (No. (J) adopted four dilTerent habits <luring the 
experimental period. 

Of the eighteen habits adopted by the animals ten were 
spatial, and eight, vi.sual. While this is rather an even division 
it would be inaccuratt^ to suppost* that the animals showed no 
preference for (*ither kind of respon.s«* or habit. Mome of the 
animals seemed to d«‘flnit(‘ly prefer a visual habit (1169, 1173, 
H74) while some rats preferred a sjtatial habit (W2, W6, W7, 
W8, W9 and 1158).'* In other words, while all the rats might 
have adopted, at some time or other, both a visual and spatial 
habit, one of these; was persisbal in d<>cidedly more fretpxently 
than the other (s<‘e tables 1 to 9). 

Such definite individual preferences undoubtedly result from 
something other than (diance. We have, xm fortunately, not 
enough animals lu^re to treat the two pn'ference groups as such 
and attempt to correlate these performances with any other 
factors, but it is significant that all three of the animals which 
preferred a vismU habit were pigmented animals ami xinimals 
whose ancestors were notorimxsly poor oxx maze performances.® 
The animals which pref«*rn*d the spatial habit were albinos and 

»_Tho ilata for this talilo were derivtsl by noting for «wli animal tlie 
particular habit or habitn which nbowwl at any time a greater frequency 
than chance (50 per cent ± 3c) ex|HM'tati<iUM. 

“An “H” imlicateH a pigiiumteil animal anti a "W,” an albino. 

“Tryon (6). 
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supposedly rats of average maze ability. The case is of eours 
not so clear-cut as one might, wish since one of the pigmente( 
animals (H58) also preferred the spatial solution. Further, th 
number of cases is altogether too small to justify any extends 
treatment of these aspects of the data, but they do suggest som. 
extremely interesting possibilities and open up new avenues o: 
experimental approach to the problem of the genesis of behavioi 
patterns. We shall here indicate merely one po.ssibility. 

The animals which preferred a non-spatial solution of th( 
problem (i.e., those which adopted a visual one) were animals 
which, arguing from the record.s of their anee.stors, would b( 
poor in .spatial performance. (The reader is again referred tc 
Tryon’s report.*'*) Having pigmente<l ey(>.s, they would b« 
better visual animals than the albino.s, as R^)binHon and Wever^'* 
have shown. When placed in a situation which allowed them 
to establish any habit such animals adopt a “visual” one; 
whereas the other animaLs, being better “spatial” and worse 
“visual” animals in tJu' very same situation- mulcr the influence 
of the very same external stimuli a<lo{)t spatial habits. This 
argues at once for the hypothesis that the bt'havior of the animal 
was not a product of, and was not initiated by the immediately 
presented situation only, hut rather that the adoption of orderly, 
systematic responses represents an interpretation of the data 
presented, a personal interpn'tation which is a function of the 
animal’s past experience, g<*netie. make-up, and physiological 
equipment. The external environment <loes not “work” upon 
a pa.ssive and neutral organi.sm, rather, the organism works 
upon the environment. 

This conclusion, howev(*r, d(K‘s n<»t n(*ed to rest upon the 
meager data jiast di.scussed. The v<‘ry fact that every animal 
adopted a uniform respon.se shows at otu'c the inaccuracy of 
ascribing to the external environment all responsibility for 
initiating .systematic behavior. The environment was so con- 
trolled here as to mak<» it ineffective in forcing any orderly series 
of responses. Yet, de.s[»ite this, <lespite the fact that the “laws” 
of frequency, intensity, and effect were given no chance to work, 
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every animal quite definitely adopted and brought to perfection 
at least one systematic habit. 

A greater insight into the rats’ behavior can be obtained by 
considering individual performances. The animal, as a rule, 
adopted one habit, persisted in it for a while, gave it up, and 
adopted a second habit, and in some, eases a third and a fourth. 

Thus H73 first adopted a dark-going response which he main- 
tained for about five days, then, suddenly, he adopted a left- 
going habit, for a day, then went back to the dark-going habit. 
But perhaps the best illustration of such behavior is that of W6 
(table 2). On his first day he adopted a visual-preservanee 
habit, on the second day, a .spatial-alternating habit, then, for 
nine days, a right-going habit, and for his last two days, a dark- 
going habit (.see here fig. 2 al.so for a more graphic representation 
than table 2). There can be no doubt, then, that a systematic 
and unified series of respons<‘.s can be initiated by the animal 
Viims elf in spite of his environment.'® 

In looking through the individual records one sees again and 
again an apparently improbable fact. On some days it would 
seem that the animal is r<‘sponding to a spatial habit ami to a 
visual habit. Thus the rc'cord of 1174, on the eleventh tlay, indi- 
cates that 75 per cent of his responses were made on the basis 
of a right position habit and 75 i)er cent of his responses, on a 

10 An hypotlK'HiH Huch aw ia outlliuMi Imro docH not throw overboard tho 
environnwmt. Whon yvo way that an animal (*a« adopt a Byatf'^matic rtinponBe 
*'in spite of his environnumt’'^ w<» <io not imply* that luiinml can so 
hehavo ia Tll<^ (mvinmnumt is an oHHontia .1 part to conHidor when 

deseribinjf tiic animal 'h iadiavior, but t<» afl«umo tlmt tiio environnumt is of 
primary importance and that tlio immodiatoly jircwmicHl Htimuli aro respon- 
sible for tho inituttum of behavior in, wo lioliwo, inaccurate. Probably tho 
first psychologist to iK>int out tho iKissiblo diff(^rontiation iKttwwn stimuli as 
iMtiating behavior an<l stimuli **mipportin(f*^ iKdiavior (whicli is ossontially 
tho different iat ion whicli w<^ are trying to maJke) is K, (,J, Tolman. I'olman, 
in his Purfxmve lU^haiHor in AnivuUft tmd Mtmy olalio rates upon tiiis distinc- 
tion which has apparimtly (‘scaped (‘arlier recognition. rat/^ writtMj 

Tolman, in a disc.rimination-lmx .... cannot ‘(dioose' the white 

side from the black without actual whites and blacks continuously to mip- 
port and verify such a <dioic(‘.''<<> In otiior words, while tlu^ the 

lehavvnffy is not inituUvd by tlu' blac’ks and whitem, still, unless tho blacks 
and whites W(M‘e tlu^re, the animal c.ould not so beliavc^. Tlie (mvironment 
detcmiines whicli, of all tlu^ lieliavlor-units the animal can apply (a priori 
to experiencing this environment) he shall apply. Tiiis is giving to tho 
environment a Imitinf; function and not an initiating function. 
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dark-going habit. Seventy-five per cent is of sufficient magni- 
tude to assure us that neither of these responses was a chance 
one. The explanation is of course simple and obvious, but the 
implications that follow are of extreme significance. 

These two kinds of responses, spatial and visual, overlap in 
many cases. For example, in entering a darkened alley which 
is on the right side of the box, the animal is at the very same 
time responding in both a visual and spatial manner. Thus the 
animal might pile up his score for either kind of habit. But, in 
order to show as high a percentage of consistency as 75 per cent 
in both responses, the animal can make no entrances, or very few, 
into a lighted alley which is on the left side; for such a response, 
if made significantly frequent, would prohibit either of the other 
habits from reaching 75 per cent. What this means is that every 
time the animal departed from his dark-going habit he did so 
only to enter an alley on the right side of the box ; never did he 
depart from his visual habit to enter an alley on the left side. 
In other words it may be that on any one day the animal may 
have been responding not on the basis of one habit but two habits, 
a visual and a spatial one. 

Detailed examination of the animal’s responses shows that 
such was actually the case. Under the column “Combined 
habits” is shown, for each day, the percentage of responses 
which fitted in with either of the two dominant habits that the 
animal may have had at the time. Thus for rat H74 on day 
eleven, every response which the animal made was either a turn 
to the right or an entrance into a dark alley. His combined score 
is 100 per cent. This cannot be a “chance” result, since chance 
would lead us to expect that of the 12 times the rat departed 
from his dark-going response, 6 of them should have been 
entrances into the lighted-left, and 6 into the lighted-right; or 
of the 12 times he departed from the right position habit, 6 of 
them should have been into the lighteddeit and 6 into the 
darkened-lett. Of course the number of cases is so small as to 
allow one to argue that by chance all 12 happened to be on the 
left side, and that no significance should be attached to that 
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fact. If, however, one considers the history of the animal’s 
responses (where it is at once seen that the animal seemed to 
prefer the right side and the dark alley throughout), such a 
criticism becomes improbable. But we do not have to depend 
upon that. If we consider all 672 respous<'s of the animal we can 
prove beyond doubt that the argument of cluince cannot hold. 
Of the 672 responsi^s, 534 were to the dark and 138 to the light. 
Chance would then re<iuiro that of these 138 times when the 
pT,i'trifl.1 did depart from the light, 50 per cent of them (or 69 
responses) should have been to the left. As a matter of fact 
only 10.9 per cent (or 15 responses) were to the left. Here tlie 
numbers are large enough to assure us that the animal was not 
m airing chancc responses whent*ver he departed from his light- 
going habit. A similar analysis for every other rat reveals the 
same thing. (The reader is referred to tables 1 through 9 and 
especially to the footnotes to tlu'se tabh's.) 

This fact is brought out even mor<» convincingly if we group 
several animals tog(‘ther. It will be seen from the individual 
records that six animals (W2, W(), W7, WH, W<), and 1174) 
showed as their dominant habits a dark- and a right-going 
response. If we treat th<*.se animals as om* group we find that 
of the total of resixmse.s only JHlt (or 4.6 per cent) did 

not fit in mth either “ hypothes-h-” of the rat (table 11). Of 
the 1446 resi»<mses which tin* animals nuuU*, which w'cre not in 
keeping with the dark habit, only 12.6 {ter cent w'cre entraikces 
into the left-lighted ; where, if th(*se non-dark res|)onst*s were 
chance res{)ons(*s, we slnmld have exttected r>0 {ter cent of them 
to be left-light. 

The same thing hohls true for the tw’o rats which a<lo{)ted for 
their habits a dark-going and a left-going habit. Their records, 
treated in the sjime way, show that out of the total of 1,344 
responses only 92 (6.8 {ter cent) fltt<‘d in with neither habit. 
Of the 318 times that the two animals chose the light, only 28 
percent were turns to the left (table 12). 
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TABLE 10 

Habxth Adoited by ANiM.\r.« 



Visual habits — 8. 
Spatial habits— 10. 


TABLH U 

'‘Dauk** and “HuiHT*' Habit (»tuKu» 



Dominant hahite 




Eat 

Dark choice 

Uight choice 

laght choU'c 

l^'ft choice 

Light-Ijeft 

choice 

W2 

373 

521 

2iK» 

151 

56 

W6 

440 

471 

223 

201 

45 

W7 

431 

520 

241 

152 

29 

W8 

430 

551 

242 

121 

14 

W9 

:160 

7)03 

im 

70 

24 

H74 

m 

445 

13H 

227 

16 

Total 

2586 

3101 

1446t 

031 1 

183* 


*Of total mponeos (4032) only 4.6 i»«r cont (».«»., iai> tlitl not tit in with oithar of thet^ 
dominant “hypotheaeo/* 

t Of 1446 reeiKiiwoii that wwo not in armrtlann* with th« tlark aoina habit, only 12.6 pwce; 
w«re to tho left where 60 jier cent ehould have reeutf ed if theae tuoi’^nark netHniiee were * ohanc< 
reeponeee. 

t Of 231 rwiKinme which were not in confornttly t«i the ri«ht-isoin« iiabit, only 12.6 per oe> 
were to the light whereae 60 i>er cent ahould have reaulted if cham^ ileter niinivl thane 93 1 reepowe 
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TABLE 12 


*‘DaKK” and “LBliT” Hahit Ghoup 


Eat 

DominAUt habit* 

Light choiw 



Uight choicer 

TJght-Right 

choice 

Dark choioo 

Ix^ft clujiw 

— 

H69 

515 

3a5 




H73 

511 

418 




Total 

1026 

sai 

aiHt 

rAit 

92* 


• Of the total niimbw of r«^iH»n*4^a (1344) f»«ly ft.8 por (‘«?i»t (or tt2 o1u»uh'«) fittod in with neither 
the dark nor left habitii. 

t Of 318 choioen not in keeping with the dark habit t»nly 38.9 per etuit wore to the right where 
50 per cent would have rtviuUetl had theaeSlB ehanee divergetieee from the “dark’* habit*. 

t Of thtnw 541 choi<*e* to the right (not in keeping with the left habit) only 17 per rent were to 
the light. Here again chaneti would have required 80 per «*nt. 


There (*an be no doubt that th<‘ seor<» g-ivtui in the ‘^combined- 
habit’^ column really repre-stuits a valid fact and not an artifact. 
That is, it might be argut^d, ihs wan |>ointt»d out in a previous 
paper/^’ that liy ealliug eiury renponst* a “systematic’.” one and 
hj comhirmuj all these* varioiw “systematic” response’s we could 
have i/hsv; facto no “chance” responses left. A detailed exam- 
ination has shown that these* “combined” scores represent two 
scores which are not chance scores in them.Hcdve.s, but whicdi 
are results of two definite cnus<*.s. It is nect*s.siiry, however, to 
determine the* maximum “comliined” score we could expect by 
chance for any one day. This is (piite (’asily done by the 


formula ir-- . 

* N 


Let us assume a special cas<* where the 


combined sf’ore consists of th<‘ .scores for a dark-going habit and 
a kft-going habit. <*hance would force the animal to enter the 
dark all(»ys 50 ih*v cent of the time, but of this 50 per cent, 
25 per (*cnt would he turns to the right, and 25 per cent turns 
to the left. If now we calculate the combimHl score for this 
chance animal (dark respon.s<*H plus left respotisi’s), we would 
credit him with 50 per cent for the dark responsf’s plus 25 per 
cent for the left, responsi’s, or a total of 75 per cent for the 
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combined score.” This is the expectt'd chance score for 
combination of any two habits (that is. any spatial and 
visual habit). __Substitutinjr this value in the above fom 

we get a= *i e ; .lir = - .ISti. It then any “c 

’ 48 

bined” score for any one thiy exceeds Jl.’i.ti per cent (75 + 
we can be fairly certain that that comhirual score represi 
systemaiie behavior on the aninial’s part. 

These combined scort's have mi>rc significance than to pt 
that an animal may he re.spoiuling to more than one “hyp( 
esis” on any given <lay. They further substantiate the th 
that during the entin' performance of the animal there are v 
few unsystematic, random, chance respons«‘.s. For example:' 
during the fifth and .sixth day is obviously responding to a da 
going habit; on the eighth <lay aiul thereafter the animal is j 
as obviomsly respomling to a right position habit; but on 
seventh day it appeai-s that the animal is responding to iieitl 
habit and is running in a chance and aimless fn.shion, for neitl 
his dark- nor right-going habits itecur fretpiently enough 
assure us that they are more than chatice tluctuntious. If, he 
ever, we examine the combined .sc«»re for that day we find tl 
only 4 per cent (or 2 chances out of the 4K) were to the lighU 
left side of the box. Iti other words, this day rt*presents a to 
sition period in the a>dmals’ behavbtr. He is dropping the visi 
habit and a.ssuming the spatial habit, but mdther habit is do 
inant as yet <tvcr the other; the animat vacillates between t 
two, but in an.v case, the animal is running by chance. 

It appears that we wouhl probably be justitbsl in .saying tb 
at no time dow the animal run by chance. When our data i 
not entirely support such an inclusive statement it is probab 
because of the lack of a suftleieutly tine method of analysis.” 

It muRt tst n‘m<>mtH>nHt that thi* is T.*! (nt eent of the MiU number 
p^ibititie*. Thia U not tin* wiiiu' ns th*' t»*r wc loive IsHin tloali 

^th in our previous ilisrussions, wh*'fi> th*’ (Ktsiitiililii's wen* enty thoM trij 
in which the naimal deimrt«'*l from any giv*’« hatiit. 

It must aim* tw nonxl that *ittr stamlaots in iliffen'ntlating Wwe 
"true” and "chaiico” si'ortw havi* l**'*’n iiiost rigiil: 3 sigma- Tbi* m 
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have seen thronjrhont that the finer ami mere tlotaiUnl we make 
our examination of the data, the lesM ami less <1 <k‘s the animal 
appear to be a “ehanee” animal. It would be a grntuittma 
assumption to suppo.se that we now have a eomplete in.si(rht into 
all of the animal’s behavior poasihilities. 

We may very well find that our ohier de.Herii»tion.H of the 
lower animals’ behavior as eonsislinpr of ‘*stereotype<l,” “hap- 
hazard,” “non-insightful” respon.s«‘s are to he attrihuteil not to 
a lack of insight on the animals' part but rather to a laek of 
insight on the experimenter’s jiart. 


COMt^LirsiONS 

Nine animals were pres«*ute«l with a .situation s«» eont roiled 
as to remove any possibility that the fuetors. frecpieney, reeeney, 
and effect, might enu.si* the aiuinal to luhtpt any d«'linite form 
of respons<*. Despite this all the animals adopted one, ami in 
most eases more than one, sy.stemntie, uniformed form of 
response. From a eousi<iera(iou of thes«‘ residts the following 
points are nnule: 

1. The rat, when plaeed in an mis<»lvahte situation, does not 
respond in a helter-skelter ehanee fashion, hut makes a wries of 
integrated, unified attempts at srdutioit. 

2. These systematie respons«*s are partly, at least, initiated 
by the animal himsidf and are not altogether merely a resultant 
of the immediately prewnte<l external situation. 


very well oliwure mime at «nir resullit, fi»r m>nn- of tlif urores wlo.-lt f»ll Juiit 
below 50 per rent * 3^, miiy net lie tiwiiiu etiiinre iit «lt, lUtliMitalt w« 
have, to bo mure eertiiin of i*(ir flutn, luMt’tl tlesn. 
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the EEFE(’T of lilOMOV Ali OF liEWAKH) ON 
the MAZE l»Eiv’FORMAN(MOOF RATS. 11* 

IIV 

ROHHRT MAUL BRIKUO 


In Study I (volumo 4 , pp. 2 (Kl 214 ) it was foimd that, wluui 
the reward was n*!n<»vo<l aftor n trnitiiu^ poriiul of t(*u days in a 
square maze, there was a siKuifieuiit inereuse in distunee and in 
time. After Id <lays of sneh eiadinued runnin^^ ol' th<‘ maze with- 
out reeeivin^ food, deprivation <if focitl for 42 hours, instead of 
the usual IS, eaustul a still larj 4 :er inertmse in ex<u*HS distaiiee and 
in time. 


h'OUTY KKUIT UinHiAlUi^VV 
{({mnu' d) 

in the present stiuly the perforinanee just suinmariziul is eom- 
pured to that of a M^r<»up tliat had hetui run and ft*d t*very 4S hours. 
Asaseeondary elu»ek a n«nv footl htix with food in it wuis introtlumul 
for days ten, <‘leven, and twelve, tosee if the nn»re <lifT(*nmee of the 
food box woultl affeet maze performnnee, irrespective of the pres- 
ence or ahsimee of rewnni. Tin* same maze and jjfmieral t(Mdini(iue 
were used ns in the previ<ms study. 


* PmfcHHor Miiwnnl Tolriuui and Warner Hrown, ()f the* IFni- 

vorsity of (*alifornin, were a^«’ner<Mii of lutviee lonl eritieisin white tiu* experi- 
ment was in pnafress. l*n»f«vetor Samtifl HereUiaw* an<l Prnfe.s.s<ir Kraneis h. 
Landarre, of the Ohio Htate t*fov«^rsity, m well us Professor qhUiniin hindly 
t'.rilirized th<* mnnaseript. I should also UUe to aeUnowledjf*' thi* kirol UMsist- 
aner of Mr, Mlnier Uoyer who assisted in the statist ieal work, and Mr. 
Frank Htanton who prtqmred the arajdm. 



66 University of California Puhlicaiio7is in Psychology [Vol.6 


DETAILS OP PllOOEDUllE 

Group 1, an experimental ^roiip, was eomposed of 12 rats, 6 
hooded and. 6 albino. It was run and fed every 24 hours; the food 
reward for this group was removed after the tenth daily trial, 
when the curve of learning had become relatively stable. Since the 
animals could not know that food was to be removed on the 
eleventh day, the performance on this eleventh day belongs with 
that on the first ten days. Group 2, serving as control for Group 1, 
was composed of 7 hooded and 7 albino rats. These rats were run 
and fed every 24 liours throughout the 26 days of the experiment. 
Group 1 and Group 2 are, respectively, the '‘experimental’ and 
' ' control” groups of the previous study. G roup 3, a second experi- 
mental group composed of 24 albino rats, was run and fed every 48 
hours. All the animals of Group 3 had the food reward removed on 
the fourteenth day of running (the curve of learning tlien indicat- 
ing a relatively stable level of performance) . The performance on 
this fourteenth day is to be counted with that of the preceding 13 
days, since again the animals cotild not know that on the fourteenth 
day that they were to receive no food. 

All rats were males and approximately three months old at 
the beginning of training. After any run each rat was confined 
approximately 12 minutes in an individual food compartment. 
Groups 1 and 2, run every 24 hours, received the normal ration but 
Group 3, run every 48 hours, received double this ration as it was 
not fed again until it had completed its next run 48 hours later. 

In addition, there was one “double-hungry ” day when groiips 
1 and 3 were kept an added 24-hour period without food, a total of 
42 hours for Group 1 and of 66 for Group 3, and were then placed 
in the maze. The 42 and 66~hour interims are explained by the fact 
that during the non-reward period the animals were fed 6 hours 
after being taken out of the maze. This ‘ ‘ double hunger ’ ’ occurred 
on trial 24 for Group 1 and on trial 20 for Group 3. To serve as an 
experimental check to see whether a new food box in itself, without 
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a change in reward conditions, would modify maze performance, a 
new box with food in it, was used with ono-half of Group 3 (i.e., 
Group 3a) on trials 11, 12, and 13 ; while with the other half of the 
group (Group 3/>) the food box was not changed. 


UESULTH 

1. ResiiltsS previous to removal of reii^ard . — All three gron}>s 
showed a normal learning curve, hut the 4H-hour group, Group 3, 
did consistently more running about in the maze, and took propor- 
tionately more time iti so doing. That there was really an extra 



excess distanci* for (iroU[> 3 as e(jmpare<l with (Jroups 1 ami 2, is 
shown by tin* fa(d that while tin* averages of th<» {)(‘re(‘ntages of 
long paths taken to tlie footl box show a difftn'ciUM* iadween the 24 
and 4H-hour groups of only oA p<T e<»nt, t h(‘ averages of exc<‘ss dis- 
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tance covered by the two groups show a difference of 2.189 units of 
excess distance for the 48-hour group. Tivis can be seen by inspec- 
tion of figures 1 and 3 and table 1. 


TABIiE 1 



Average excess distance 
per rat 

Average time in seconds 
per rat 

Forcentage of rats taking 
long path 

Days 

Groups 1 and 2 
24 hours 

Group 3 
48 hours 

Groups 1 and 2 

24 hours 

Group 3 
48 iiours 

Groups 1 and 2 
24 hours 

Group 3 
48 hours 

1 

6.83 

16.73 

130.5 

652.4 

58.6 

50.0 

2 

5.16 

5. 42 

46.5 

60.4 

52. 2 

50.0 

3 

3.69 

8.13 

25.3 

82.3 

25.2 

50.0 

4 

4.70 

5.80 

37.3 

42.6 

43.4 

41.5 

5 

3.59 

4.13 

25.5 

30.9 

35.3 

71.0 

6 

2.79 

5.25 

23.6 

37.3 

42.3 

33.5 

7 

4.67 

3.42 

26.3 

24.3 

61.9 

41.5 

8 

2.62 

4.50 

32.5 

22. 7 

31.2 

50,0 

9 

1.29 

2.34 

15.3 

15.5 

27.3 

37.5 

10 

1.79 

3.00 

14.1 

21.4 

27.0 

25.0 

11 

1.76 

4. 25 

12.4 

20. 8 

27.3 

41.5 

Food 
removed 
(Group 1) 

Group 1 

Group 2 


Group 1 

(iniup 2 


Group 1 

Group 2 


12 

5.91 

1.14 

3.46 

48.48 

9.31 

23.6 

25. 0 

29.0 

52.5 

13 

14.91 

1.42 

2.34 

231.0 

7.07 

13.3 

33.3 

29.0 

37.5 

14 

17.16 

.85 

2.50 

225.25 

7.42 

29.6 

83.4 

21.3 

29.0 

Food 
removed 
(Group 3) 



1 







15 

9.01 

.57 

8.71 

69.54 

4. 55 

64.8 

41.6 

13.8 

41.5 

16 

18.91 

2.92 

7.88 

216.96 

9,77 

105.7 

66.6 

50. 0 

23.5 

17 

12.34 

1.42 

5.84 

114.48 

10.88 

57.8 

66.6 

35. 5 

58.5 

18 

8.41 

1.14 

4.21 

186. 16 

7.31 

49.4 

50.0 

35.5 

37.5 

19 

10.75 

.28 

5.00 

90.93 

3.95 

46.3 

41.6 

06.0 

54.5 

20 

9.41 

1.85 

* 6.23 

108.90 

7.48 

* 142.1 

66.6 

42.9 

* 33.5 

21 

8.91 

1.42 

7.75 

117. 13 

5.31 

145.2 

50.0 

29.0 

45.5 

22 

5.33 

1.57 

5.79 

63.03 

7. 12 

131.0 

33.3 

21.3 


23 

7.66 

.85 


104.73 

5.41 


58.4 

21.3 


24 

» 22.5 

.85 


♦ 286.6 

4.51 


* 58.4 

21.3 


25 

10.91 

.85 


206. 16 

4.8 


60.6 

21.3 


26 

9.66 

.78 


400.58 

6.72 


58.4 

13.8 



Double hungry. 
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2. BesuUs u'hcn food box mis cluing ed.—'Wh&n the different 
food box on days 11, 12, and 12 was used in the maze for Group 3a, 
food was still found by the animals at the end of each run. An 


TABLK 2 

PKBTOitMANt’B WllEU FOO» BOX WAS CitANOKO 


Trial 

Excctna dintanca per rat 

Tinio in seconds per rat 

Box ohnrigtHl 

( troup 3a 

Box not chariKtHl 

< Iroup Zh 

Box chanKod 

Group 3a 

Boxnotchanftod 

Group 3h 

7 

n.i)7 

a. 17 

20.2 

24.3 

8 


5.58 

20.1 

22.7 

9 

l.fiO 

B. 17 

14.0 

15.5 

10 

ChatiKO (<lroup Ba) 

ll 17 

2. 83 

24.2 

21.4 

11 

tlfiO 

0.0 

10.8 

20.8 

12 ^ 

r».42 

1.5 

30.4 

23.6 

13 

B. «7 

l.O 

16.0 

13.6 


'rABBK 3 

COMrAJMSOI^ IIKTVVKJCN M KAN'S OF (tHOtO^S lia A.ND tU> WnKNT A DlPFKftKNT FOOl) 
Box, <?ONTAINlN(J Pmm, WAS SimsTITUTKO*^ 



* ThiHuml tht« follow iiig of thiti tinturoMlKotUl Itormd tin ftillown: On trinl 11 in compar- 

ing the {lifTcrcitre in the ernir nmnw bet ween t he titeniiH of ( Jrtmp .In and ( ironi) 3/>, the numhor of 
otiflcn in l»oth Kroiipn beiuK 22 , I* trther t futieh*»n in «dKKb wUieh trtdimtm the chunccH uro botwoon 
five ftnd ten <»ut r»f KKI that t he tbfTerenee betweeti the inetine in tluc to a chiincc factor. 

I'or tletniln of nt iitint ienl teehnotne unetl and tnlkn of **t” and “V' «<■<* h'iMher, U. A., “Statis- 
tical Methodrt for Uenenreh VVorUern*' fed. U, KdinburKh, Oliver and Boy<l, 11)30). 


insiieetion of tables 2 un<l :! iridieutes that then* was a statistically 
sigiiifleaut (lifTeretiee o!t day 12 in both tiimt and excess-distance 
scores. Qualitatively it. was observu'd that tin; animals hesitated 
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nmi hvcuuhI to eat lens “ confidently’ ' but this tendency seemed 
short “live<l. Tht‘ ftHul seenm to lu* undoubtedly the focal stimulus 
That is to say, although the rats could discriminate the box as a 
differiuit box. st> Um^ ns it was “a box-ctnitnininj,^.foO(r' there was 
no eoniinitftl ilisturhance in nui/.e perforniance, 

II lusitlis tvhrn foml mis d.— ’When the food was re- 

moved there was an increase for both j^roups (droups 1 and 3) in 
excess distance ntid a corresponding increase in time, (See figs 1 
attd 2 ami tables 1 and 4. ) This rise seems to he characteristic and 
has been observed by all inwstigatorH (see Literature Citedp.82). 

It should be notiecil that (inmp 1. the group run and fed every 
21 hours, rosf* umre in both excess distance and time scores than 
did Uroup :i. the Is hcuir group. An inspection <»r table 4 indicates 
that thcro was a signithunit tlitlVrence between droup 3 and the 
eoutrol group, but it seems dtujhtful that the ditTercncc between 
the tw** fxpenmentnl gnmps either in the time or the excess- 
di'itanee seuros eait be iMiiisidered signitieant. 

I. i/^/o a tn rr **iioithh hungry,'' Vflmx both 

i» roups 1 and d had ri*neb«si a relatively stable level of perform- 
iUjee after the food reward was rt‘iiu»ved. am added 24-h<mr period 
without food wan introducetl Indween trials for each group. This 
wa* after tie- tw» ut\ third Inal for Unmp I and after the nine- 
teenth trial for (troup d « S^e table l,i An inspection of tabled 
indieate^ that there ih a stnt int leally relialdt* diirt‘n‘nce between 
( Jroup>i I and di in the <«xees.H distanei* scores ami pn>lmhly in the 
fane Hi'oivH. altliough tlim last is iiof as reliable. This increased time 
in nuuung abeuU in the lua/e for the rats of dnuip d continued on 
trial * 21 and 22 e\eii tijough they wsU'e no huiger **<louhle hun- 
gry " It iihn* iippears that theis» i.h a statist ieally reliable tlilTerence 
in th*' e%e* , ♦ dl danee scfUes biUWeeU tlie tW‘o experimental groupS, 
tdsaig, \ and d. eai the trial when they were both ‘Moulilc hun- 
gry/* th - 2i hour group nlMOvifig the greatest rise in the cxcess- 

neMre’!. 

Hit the twviity uxth trial, wlieii the rats ot <iroup 1 were put 
?hr ma/e when no! hungry, iliev slouved a large increase in 
Sr#* preH**|il I 2ttd 211* 


f 
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TABLE 4 

Comparison" between- Meaits of Groups 1 ant> 3 ; ani> Groups 2 and 3, when 
Food was Eemovbd from Groups 1 ajstd 3 



Excess distar 

ice 

Time 


Group 1 trials 

12 

13 

24 

12 

13 

1 24 


Group 3 trials 

15 

16 

20 

15 

16 

20 

Group 1 

Group 1 Mean 

5.01 

14.91 

22.5 

48.48 

231.0 

286.6 

(n«12) 

Group 3 Mean 

8.71 

7.88 

6.23 

64.8 

105.7 

142.1 

and 

Difference 

-2.80 

7.03 

16.27 

-16.32 

125.3 

144.5 

Group 3 

Fisher t 

.833 

1.057 

2.242 

.689 

0.414 

.964 

(n«24) 

Probability differ- 








ence owing to 








chance 

.40 to .50 

.20 to .30 

.02 to .05 

.40 to .50 

.60 to .70 

.30 to .40 


Group 2 trials 

12 

13 

24 

12 

13 

24 


Group 3 trials 

15 

16 

20 

15 

16 

20 

Group 2 

Group 2 Mean. 

.57 

2.92 

.85 

4.55 

9.77 

4.51 

(n*14) 

Group 3 Mean 

8.71 

7.88 

6.23 

64.8 

105.7 

142.1 

and 

Difference 

-8.14 

-4.96 

-5.38 

-60.25 

-95.93 

-137.59 

Group 3 

Fisher t 

3.996 

2.505 

2.372 

3.155 

2.573 

1.329 

(n«24) 

Probability differ- 








ence owing to 

less than 

slightly 


loss than 




chance 

.01 

over .01 1 

.01 to .02 

.01 

.01 

.10 to .20 
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SUIVIMARY AND CONCLUSIONS 

1. When the reward was removed from a group of rats run 
every 48 hours in a square maze there was the same sort of a sig- 
nificant rise (although not so great) in excess distance and in time 
as was found previously with rats run every 24 hours. 

2. When hunger conditions were increased the 24-hour group 
showed larger increases in distance run and in time consumed than 
did the 48-hour group. 

3. A different food box with food in it* was introduced (with 
the 48-hour group) in the early part of the experiment before the 
food reward was removed. This produced a temporarily significant 
change in the rats’ performance, after which the performance 
tended to resume its previous course. 
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THE EFFECT OF EEMOVAL OF EEWAED ON 
THE MAZE PEEFOEMANCE OF EATS. Ill 


BY 

ROBERT HALIi BRTJOE 


FOOD PUT BEHIND WIRE MESH 
(Group 4) 

In this third study the effect not of complete removal but of 
placing the food reward behind a wire mesh is investigated. Group 
4j composed of 26 albino rats, like Group 1 (see p. 66), was run 
and fed once every day until day 11. Instead, however, of entirely 
removing the food from the box, as was done with Group 1, the 
food was placed behind wire mesh. This enabled the rat to see and 
smell the food, but prevented his eating it. The problem was to 
see the effect upon maze performance of having the food reward 
present but uneatable, thus allowing the organism to make the 
pre-current responses, but barring the consummatory response of 
eating. 

All rats of Group 4 were of approximately the same age, three 
months, and were of the general laboratory stock. Until the elev- 
enth day they, like Group 1, were fed in the food box at the end of 
the daily run, and when the food reward was removed they, like 
Group 1, were fed six hours later in their cages. 

The same maze and general technique were used as before. 
Finally, the rats of Group 4 were also given a ‘‘double hungry’^ 
day — an added 24-hour period without food — ^before the twenty- 
fourth trial. 

Fisher “t’’ functions, to indicate the reliability of the differ- 
ences between the means of the three groups for both the time and 
the excess-distance scores, were computed for trials 10, 11, 12, 13, 
14, 15, and 24. 
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EELIABILITY 

The reliability of the maze under reward conditions and two 
types of non-reward conditions, as measured by the correlation of 
odd versus even trials, was computed for G roup 4 of this study and 
for Groups 1 and 2 of the previous studies. This was done to see 
how this square type of maze would compare with the multiple T 
type of maze on which reliabilities were computed by Tolman and 
Honzik (1930). 

RESULTS 

1. When the food was removed. — ^When the food was removed 
from Groups 1 and 4 there was a significant rise in l>oth the time 
and the excess-distance scores. (See figs. 1, 2, and 3, and tables 1, 



Trials 

Fig. 1. Excess Distance jxir Biit 
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2, and 3.) Aii inspection of table 1 and figure 1 indicates that the 
rats of Gi'oiip 4, which had the focnl present behind wire mesh, did 
not run around in the maze so much as Group 1. Evidently the 
fact that the food was present even though uneatable served to 
modify significantly the p(‘rfonnance of the rats. Quantitatively 


TAlUiK 1 


■ 








tr:;.,..:,,.. 


Day 

A vonigo <U«tunw 

por rut 

Avwngo I'inw* MOcouda 
|)or rat 

Ucrauittigo of rutH 
taking long patlm 

(Iroui* 1 

<ir<iu(i 2 

CJruup 4 

<«roup 1 

<irmip 2 

Clrtmp 4 

(irout> 1 

Ckoup 2 

C »rtmp 4 

1 

4 ;io 

» 35 

1) 85 

03 13 

187 84 

357 42 

38.5 

78.7 

40.2 

2 

« 

4 78 

0 31 

40 27 

43 73 

218 54 

81.5 

42.0 

42 3 



4 38 

3 (» 

8 08 

20 24 

21 34 

00 48 

7 5 

42.0 

38.5 

4 

3 33 

« 07 

0 08 

35 41 

30 10 

150 48 

33 3 

53.5 

40.2 


4 33 

2 85 

8 0 

38 01 

15 0 

131 15 

41 8 

20 0 

15.4 

6 

2 0 

3 57 

4 12 

20 58 

27 0 

42 23 

41 8 

42 1) 

42.3 

7 

3.33 

4 0 

4 tU) 

10 5 

33 77 

38 81 

88 8 

57.1 

38.5 

8 

2 m 

2 57 

4 88 

20 04 

45. (H 

33 15 

33 3 

21) 0 

34.8 

g 

\ 58 

10 

3 35 

1) tm 

22 51 

24 77 

33 a 

21 3 

34 8 

10 

2 <J 

1 57 

2 81 

15 73 

13 55 

20 15 

25 0 

20 0 

28 0 

11 

2 08 

,85 

1 85 

14 85 

0 1)1 

15 58 

33.3 

21 3 

to 2 

Food ronjovwl 
(Group« 1 H«ci 4) 










12 

5 1)1 

1 14 

7 27 

48 48 

0 31 

01 48 

25 0 

20.0 

42 3 

13 

14 1)1 

1 42 

8 27 

231 0 

7 07 

01 82 

33 3 

20.0 

34 8 

14 

17 18 

85 

4 58 

225 25 

7 42 

41) 08 

83 4 

21 3 

48 2 

15 

« t)l 

57 

5 08 

80 54 

4 55 

! 81 85 

^ 41 8 

13,8 

10 2 

16 .. 

18 1)1 

2 112 

4 23 

2 in 1)8 

0 77 

41 82 

88 8 

50.0 

38 5 

17 

12 34 

1 42 

8 85 

114 4H 

10 KH 

80 12 

88 8 

35 5 

38 5 

18 

8 41 

1 14 

5 «H 

188 18 

7 31 

45 5 

50 0 

35 5 

50 0 

19 

It) 75 

28 

4 50 

IK) 03 

3 05 

57 42 

41 8 

8 8 

at) 8 

20 

1) 41 

1 85 

5 15 

lOK 0 

7 4H 

80 85 

88 8 

42 0 

42.3 

21 

8 1)1 

1 1 42 

5 82 

117 13 

5 31 

55 73 

60 0 

1 20 0 

48 2 

22 

5 33 

1 57 

3 58 

8:t 03 

7 12 

32 85 

33 a 

21 a 

34 8 

23 

7 88 

1 85 

3 tiO 

Its 73 

5 41 

45 5 

58 4 

21 a 

28 0 

24 

22 5' 

85 

2 15* 

, 288 8* 

4 51 

22 82^ 

58 4* 

21 a 

38 5* 


* Doublo hungry. 


this isshenvu most clonrly on day 14 vvlnm both tin* tiim* and i‘X(m‘sm- 
(listaa(H‘ scor(*s show a sij.ndti<'ant ditTonmeo lH‘tw<*(*n th<* m(»ans of 
Groups 1 and 4. (Sot* tal»U*s ami d.) (^tuditativa* ohstu* vat ions 
bwoiit this frtunu’alization, for tin* rats of (lrou|) 4 wore ohs(‘rv(*d 
tryirij^Mo nuirh tin* fcuHi in tho hox hy stroltddnfi; tln*ir Fort* limbs 
throiijLfli tin* mt*sh, flatt<*niin^ tln*aisi*lvt*s a^^aitist tin* win*, and ^(*n» 
orally lH‘havin^ as tlnniKh tin* footl rtmtimnsl tolu* a fora I stimulus. 
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although uneateble. That this behavior was persevered in is shown 
by an inspection of table 1, which indicates that never after day 12 
did the rats of Group 4 exhibit so much excess distance per rat as 
did the rats of Group 1. This tendency is also shown by the fact 



Trials 

Fig. 2. Average Time in Seconds per Hat 

that the rats of Group 1 took the long path to the food box more 
consistently than did the rats of Group 4. (See fig. 3.) It ■would 
appear that the pre-current responses involved in seeing and smell- 
ing, are enough of a surrogate for the consummatory response of 
eating to keep behavior oriented toward the food box. 
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2. Besulfs whr.71 the rats were double-hungry .” — That the 
above discussed factors arc the determinants of performance is 
made even more evident by an inspection of the results when the 
rats of Groups 1 and 4 were made “double-hungry.” This was 
accomplished by addins 24 hours without feediuf? between the 
trials, thus haviiif? a total time of 42 hours since the rata had been 
fed. When this was done the rats of Group 1, with the food entirely 
removed, showed an iHcreasc in di.stance run about in the maze. 



avera^inK 22.') units of e.'ccess distance per rat, while the rats of 
Group 4, with tht‘ food pre.sent but uneatable, dropped to a level 
of 2.ir) uiuts of e.xe.ess distance per rat. That there is a siftnificant 
difference between the means of the two Krou[)s in both the time 
and the exe.es.s-<li.stanee scores on trial 24, the “double-hungry” 
trial, is evid(*need by an inspection of tables 2 and It would 
Kcem that, while the rats of Group 1, with the food entirely re- 
moved r(>aeled to th<* box as t)os.sessinf; tin* specitic character “non- 
reward,” the rats of Group 4, with the food present but uneatable, 
peraev<*r(‘<l in reacfiiiK to the box as a “reward” object, therefore 
keopinw tlu'ir laduivior oriente<l toward this object. 
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TABLE 2 

The Eeliability of the Dipferen'oes between* Means op the Groups in the 
Excess-Distance Scoriss 


Daily trials 



10 

11 

12 

13 

14 

15 

24 

Group 1 

Group 1 

2.0 

2.66 

5.01 

14.01 

17.16 

0.91 

22.5 

(n=12) 

Group 2 

1.57 

.85 

1.14 

1.42 

.85 

.57 

.85 

and 

Difference 

.43 

1.81 

4.77 

13.40 

16.31 

9.34 

21.65 

Group 2 

Fisher t 

.333 

2.002 

1.327 

1.668 

4.603 

2.971 

2.418 

(n=14) 

Probability difference 

.70 to 

.05 to 

.10 to 

.10 to 

less 

less 

.02 to 


due to chance 

.80 

.10 

.20 

.20 

than .01 

than .01 

.05 

Group 1 

Group 1 

2.0 

2.66 

5.01 

14.01 

17.16 

9.91 

22.5 

(n=12) 

Group 4 

2.81 

1.65 

7.27 

8.27 

4.58 

5.96 

2.15 

and 

Difference 

-.81 

1.01 

-1.36 

6.64 

12.58 

3.95 

20.35 

Group 4 

Fisher t 

.562 

1.107 

.314 

.804 

4.550 

1.750 

3.114 

(n=24) 

Probability difference 

.50 to 

.20 to 

.70 tt) 

.30 to 

lc«»s 

.03 to 

less 


due to chance 

.60 

.30 

.80 

.40 

than .01 

.01 

than .01 

Group 2 

Group 2 

1.57 

.85 

1.14 

1.42 

.85 

.57 

.85 

(n=14) 

Group 4 

2.81 

1.65 

7.27 

8 27 

4 58 

5.96 

2.15 

and 

Difference 

-1.24 

-0.80 

-6.13 

-6.85 

-3,73 

-5.30 

-1.30 

Group 4 

Fisher t 

.054 

.800 

1.000 

1.505 

2.288 

1.326 

1.470 

(n*24) 

Probability difference 

.30 to 

.30 to 

.05 to 

.10 to 

.02 to 

.10 to 

.10 to 


due to chance 

.40 

.40 

.10 

.20 

.05 

.20 

.20 


TABLE 3 

The Reliability of the Differences between Means of the ( Jroitps in the 

Time Scores 


Daily trials 



10 

11 

12 

13 

14 ' 

IS 

24 

Group 1 

Group 1 

15.73 

14.85 

48,48 

231.0 

225 25 

69.54 

286.6 

(n=12) 

Group 2 

[ 13.65 

9.91 

9.31 

7.07 

7.42 

4.55 

4.51 

and 

Difference 

1 2.18 

4.94 

39.17 

223,93 

217.83 

64.99 

282.09 

Group 2 

Fisher t 

.199 

.751 

2.114 

1.811 

2.632 

2 425 

2.143 

(n*:14) 

Probability difference 

.80 to 

.40 to 

.02 to 

.05 to 

.01 to 

.02 to 

.02 to 


due to chance 

.90 

.50 

.05 

.10 

.02 

.05 

.05 

Group 1 

Group 1 

15.73 

14.85 

48.48 

231.0 

225.25 

69.54 

286.6 

(n=12) 

Group 4 

20.15 

15.58 

91.46 

91.62 

49.96 

61.85 

22.62 

and 

Difforenfte 

-4.42 

—0.73 

-42.98 

139.38 

175.29 

7.69 

263.08 

Group 4 

Fisher t 

.783 

.132 

.726 

.579 

2.760 

.185 

2.764 

(n«24) 

Probability difference 

.40 to 

.80 to 

.40 to 

.50 to 

loss 

.80 to 

less 


due to chance 

.50 

.90 


.60 

than .01 

.90 

than .01 

Group 2 

Group 2 

13.56 

0.91 

oTsF 


i ' a'i 

4.55 

4.51 

(n=14) 

Group 4 

20.16 

15.58 

01.46 

91.62 

49.96 

61.85 , 

22.62 

and 

Difference 

-6.60 

-5.67 

-82.15 

-84.55 

-42.54 

-67.30 

-18.11 

Group 4 

Fisher t 

1.025 

1.222 

1.548 

1.769 

2. 195 

1.467 

4.254 

(n=24) 

Probability difference 

.30 to 

.20 to 

.10 to 

.05 to 

.02 to 

.10 to 

less 


due to chance 

.40 

.30 i 

.20 

.10 

.05 

.20 

than .01 
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RBLIABILITY COEFFlOrENTS OP THE MAZE FOR 
REWARD AND NON-REWARD PERIODS 

In order to aseertaiii tlu' reliability of this type of square maze, 
even with the small number of eases employed, the reliability coef- 
ficients based on odd-day versus even-day scores for l)oth the 
excess-distance and tlu^ time scores w(‘re computed. These are 
given in table 4. 

TAIU.K 4 

Rbwahimty (^oKrrK.'iKNTs Uassi) Kvkn’-Day vratsus (>i>r>'l)A.Y BtroiiKs in 
Mx cries S I)lSTAN(‘n ANI> IN TiMM 


(iniup 

Uclinbility 
oocfUciontft 
for OKCCHH 
(liMtunct* Hrt»roH 

Kolittbility 
coc^fru'iontft 
for timo 
flcort^ 

Group I, daysli-ll (hungry food present) 

Group 1, days (hungry food entiredy re- 
moved) 

-.205 

.440 

,350 

.734 

Group 2, days 2-211 (hungry food prestmt) 

.ac7 

.702 

Group 4, (lavs 2-U (hungry food jiresent) 

.aci 

.009 

Group 4, days 12-2S (liungry food present hut 
un(‘.atabl(0 

. 850 

.040 


It will l)e not ic(Hl t hat tiny are much lower than those reliability 
coofficjients jin'viously nqmrted fora 14-unit multiple T type maze 
by Tolmanand Ihmzik. The highest reliability is found in Group 4, 
(lays 12“ 2ll, wlu»re t he rats are hunjifry, not n^warded, but the food 
present in the box, Th(‘ time scores set*m more consistently reliable 
than the excess-distance scores. 


SUMMARY AND OONOLUSIONS 

1. When ttie f(K)d nuvard was r(*mov(‘d from a ^?roup of albino 
rats by placin^^ it ladiind a wire mesh, there was a signifuiant rise 
in both the time and the* (*xcess-distance scotts. There is a statisti- 
cally si^i^nificant difTerence b(»tw(‘en the rats of this group and a 
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group from which the food had been entirely removed, the rats of 
the former group doing less running about in the maze and con- 
suming less time. It would seem that the pre-current responses 
involved in seeing and smelling the food are enough of a surrogate 
for the consummatory response, of eating, to keep the behavior to a 
greater degree oriented toward the food box. 

2. When the rats with the food entirely removed from the box 
were made “double-hungry” their performance increased to a 
level of 22.5 units of excess distance per rat, while the performance 
of the rats with the food present but uneatable dropped to a level 
of 2.15 units of excess distance per rat. It would seem that while 
the rats with the food entirely removed reacted to the box as pos- 
sessing the specific character ‘ ‘ non-rewar<l, ’ ’ the rats with the food 
present although uneatable, persevered in reacting to the box as a 
“reward ’ ’ object, thus keeping their behavior oriented toward this 
object. 

3. Reliability coefficients for the maze W('re computed and were 
generally lower for this square type of mazt* than for a multiple T 
type of maze. The time scores showed more consistent reliabilities 
than did the excess-distance scores. 
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‘ ‘ SPECIFIC ” y S. “ GENERAL ’ ’ ORIENTATION 
FACTORS IN MAZE RUNNING 


BY 

E. L. BALLACHEY AND I. KEECHEVSKY 

In recent analyses of maze running by the white rat, attempts 
have been made to ascertain those factors which determine the 
animal ’s behavior at each choice-point. This is a recognition of the 
frequently observed fact that the different culs-de-sac of any given 
maze vary in degree of difficulty and that the maze cannot be con- 
sidered a homogeneous instrument. This differential difficulty of 
blinds has suggested the possibility of a more precise analysis of 
animal learning than is possible by the mere consideration of gross 
error scores. 

Studies bearing on this question by Tolman and Honzik (1930) , 
Toshioka (1930a), Dashiell (1930), and Dashiell and Bayroff 
(1931), all advance the possibility of the existence of general fac- 
tors as determiners of the rat^s behavior at any given choice-point. 
Thus Tolman (1932 ; citing his own and other evidence) suggests 
the concept of ‘^spatial-direction-of-the-goal expectation’^ to ac- 
count for the differential difficulty of blinds in a maze. According 
to this concept the rat builds up some general orientation toward 
the direction of food and, as a result, would be prone to enter those 
blinds which point in the same general direction as the food box 
more frequently than those blinds which point away from the food. 

Dashiell seems to advocate a like treatment of his own data, and 
in his monograph (1930) concludes that he has demonstrated that 

the rat when running a maze early shows the influence of some direction- 
orienting tendency that operates independently of specific stimuli to particu- 
lar local movements .... this appears as a tendency to make errors in 

those blind alleys tha.t happened tO' open up in the general direction of the 
food box more than in those opening in the reverse direction. 
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Such explanations are applicable only to rats which have had suf- 
ficient training to learn the spatial features of the maze and the 
relation of the goal to the various blinds. 

Dashiell and Bayroff (1931) have attempted some analytical 
studies of the naive rat's behavior in a maze. They were interested 
in those factors which determine the initial choices of the rat when 
placed in a maze for the first time. 

These experimenters employed two forms of the multiple U-type 
maze. The two mazes were equal in all respects except that the 
‘‘C-type'' maze involved choice-turns in the true path always in 
one constant direction .... while the other A-type"] involved 
choice-turns in the true path alternately right and left." 

The C-type maze was found to be strikingly easier for the rats 
than the A-type. Emphasizing the fact that the C-type maze “is 
not only distinctly easier to master .... it is distinctly easier to 
run on the very first trial, i.e., before the animals have had any 
experience at all with the food-box-in-i)osition-with-relation-to- 
maze," the authors, after a consideration of various possible ex- 
planations, conclude that '^it seems likely that the factor most 
responsible is a forward-going tendeticy in animal locomotion." 
Such an explanation, it is seen, extends th(‘ concept of generalized 
directive forces and includes such factors among those operative 
from the moment the animal is first introduced into the maze. 

It is necessary to consider in some detail precisely wliat Dashiell 
and Bayroff mean by the concept of a ‘ ‘ forward-going ’ ' tendency. 
An examination of the apparatus and method of analysis used by 
Dashiell and Bayroff will aid us in defining this concept. In order 
to test the adequacy of their explanation of the results obtained 
from the C-type and A-type mazes, Dashiell and Bayroff ran 181 
rats (broken up into two general groups of “motivated" and “un- 
motivated" rats) in a simple maze consisting of a straightaway, 
an elbow and a T-choice with one alley running forward and one 
backward (fig. 1).^ 

1 It should be -pointed out that the (J-type iuaz(^ (‘onshsted of s(‘veral such 
units, with tho true paths always leading ok from th(*. forward-pointing alley 
(alley 2) in fig. 1) and the backw'ar<l pointing alley (A') b(ung always the eul- 
de-sac. 
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They found a tendency for the rats to choose the '^forward- 
going alley (alley 7), fig. 1) . The authors then suggest that 

ono way of describing this tendency in particularized 
and explicit terms would be to say that when an ani- 
mal is forced 90® out of its line of movement in a 
maze by an elbow in the pathway, when it is next 
oftercd a choice between a turn reversing the first 
one and a turn repeating it, it is more likely to choose 
the former. 

It should be emphasized that Dashiell and 
Bayroff thus consider the elbow as an obstacle 
in the path, which temporarily diverts the 
animal from his "forward-going’’ line of lo- 
comotion and which is compensated for when 
the obstacle is removed. The interpretation 
of Dashiell and Bayroff would then describe 
the animal’s behavior at bifurcation D-E as a 
function of the direction of movement in al- 
h‘y A . 

Rather than n‘gard the elbow B as a passive obstruction in the 
line of movement for which the animal compensates by a return 
to the first direction of locomotion, the present authors suggest 
that the turning of the elbow B is the achcal determiner of the 
turn into 1), and that the general direction of movement in alley 
A is not a cause of the animal’s behavior at choice-point D-J?, in 
other words, the fact that both A and I) point in the same direction 
is irrelevant. Such a cont<mtion would explain this D-E behavior, 
not by appealing to the presence of some "general” direction- 
force at work, but by describing this phenomenon as a specific 
response to the uni(iiie, pur(*ly local character of the elbow B. 

This alternative, description was suggested to the authors by a 
consideration of tlie concept of "centrifugal swing” advanced by 
Schneirla (1929). In his analysis of maze running by ants, 
Schncirla observed that 

an ant in the mazo for the first time does not bobavo in a purely “random’’ 

manner Uather, witliin limits, tho observer can aecurately predict the 

Ix^havior of tiie animal, provided tho significance of certain pattern features 
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of the maze is knoTO to him. Tlie spatial arrangement of the maze alleys .... 

is important for the influence we shall term ccntnf uffal sivinrf In general, 

it [centrifugal swing] depends upon the physical fact that in passing around 
a corner with reasonable speed, the animal must run near the outside walls of 

the turns while the ant is under the influence of this centrifugal swing, 

movements compatible with it will be easily made. 

Keferring again to figure 1, it is seen that according to the concept 
of ^‘centrifugal swing” the animal would, after being forced 
around the 90° turn at B, be “thrown” toward the outside wall of 
G and therefore approach the bifurcation I)-E in closer proximity 
to alley D than to alley E. It needs to be emphasized that the en- 
trance into D is a function of the elbow B and not a consequence of 
the general direction of the animars locomotion in alley A, 

Either of these two opposed explanations would predict the 
animars entrance into D, since alley I) hap])ens to point in the 
same direction as alley A. The data from Dashiell and Bayroff 
are therefore ambiguous in respect to the relative validity of the 
two explanations. To obtain critical evidence upon the merits of 
these two hypotheses it is necessary to s(d. up a situatioTi such that, 
if a “forward-going” tendency were the determiner of the ani- 
mars choice at the bifurcation, the animal would be forced into 
one alley ; but w^'ere “centrifugal swing” or any otluT purely local 
factor the determiner of the rat’s choice, it woidd be forced into 
the opposite alley.- The i)urj)ose of the ])resent study was to at- 
tempt to set up such a situation and to analyze tlu^ resulting data, 
in the light of the above discussion. 

2 111 adopting tlio torni * q'ontrifugal swing W(‘ do not vrrrftminly imply 
that the descriptive connotation of this tonn is a.de(pia.t(* to <los(‘ribe the actual 
sequence of movements iu the elbow. From gtunu’al (»bs(U-vation of the ani- 
mals' behavior wo would be inclined to think so but pending more careful 
study (cinematographic analysis) we would suspend flrial judgment. What we 
do wish to imply by the term is that, whatever 1)0 the ac.tual st*((U(‘nee of move- 
ments in the elbow, it is the Sipee.iflc elbow-situation, and not a more guu'rnl 
factor, which determines the animals' behavior at the sub.sequent. bifurcation. 
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APPARATTS AND 1>R()(U^I)^IRK 
A group ()t‘ 24 wliito rats, V\ niales and 11 females, was vised iu 
this experiment. The animals had been blinded a week before 
the beginning <4* the pn'liminary (raining. In tlie prelimimiry 



training th<* rats w(‘re fon»t*(t to run through n straightaway three 
times a day for 21 days. ’ Tln*y were fed their daily ration of modi- 
fied Steenboek <liet in the focnl box at the end td’ the straightaway. 

8 In order to Imliitunte tlw niumnls cdtnngoH hi tho niiparntUH, whleh 
would Im made lator <m, dhyereat ia!e/.e tinits wero iiHtul thrtiughout tho prelim- 
inary training poried on liirTrrnnt d«y?t. 
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The animals received no food in their nest cages. After this period 
of 21 days the rats were run through the apparatus shown in figure 
2, four trials a day for five days. On alternate trials the elbows 
{B, C, D, and E) were shifted to the opposite side of the straight- 



away. Thus, if the rats were run on the first trial with the elbows 
in position B C D E, they would be given tlie second run with the 
elbows in position B' C' D' E'. 

The day following the completion of the preliminary training 
the test runs were made in the apparatus shown in figure 3. The 
alleyways were of unpainted redwood, 4 inches wide by 6 inches 
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deep. They were voxcvcd with a fine wire mesh. The l)ends con- 
sisted of elbows of identical construction, which were interchanged 
to prevent tracking. 

The rat was introduced into the apparatus at A. At G he was 
allowed to continue to thither F^ or F.. whtu't* he rectdved a ixdlet of 
food. In order to determine an<l c(»ntrol the efTect of “positional 
preferences” on the btduivior of the rat at the choice-point, the 
animals were divided (‘(pially in two f«frou[is; (!roup i was j^iven 
five trials in the apparatus as shown in fijLrure *\a, (Jroup n was 
given five trials in the mirror imaK<‘ of this setuifi (fijr. On 
the second day (iroipi t was trunsferreil to the apparatus in ])osi- 
tion/>; Group n, to that in position n. 

It will be seen from tlie mayie dia^^rams that an entrance into 
(i^V) 'vould 1 m* in aeeor<Innee with tin* eone<*pt of a “forward- 
going:” tmidency ami an ent ranee into K. (FA), with the eoncept 
of ^^centrifupd .swing:. ” 

The long: pn*liminary training: period was instituletl in order to 
increase tin* pndmbility that the rats wouhl muki* a “forward- 
going:” ehoice at if ami f/' if siielt n teml»*m*y were a faetor in the 
choice-point b(*ltavi<»r of the rat. It may lx* olueet<*<l that foreinf? 
the rat to turn ba<‘k on his initial path at p<»iut F ( F') may disrupt 
the orig;inal ** f<»rward groin^ir*' temlene\% and thus decrease the 
probability of a “ forward M:oing:*’ ehoiee at To meet this ohj(‘c- 
tion each animal was driven, it should be remembered, 20 trials in 
the apparatus slnuvn in figrure 2. There the rat was foree<b after 
running: thr<Mig:h se(‘tion It G l> F, to continue in the original **for- 
ward-ijoiniF^ direction to F where he received food, Fnrtln*rmor<*, 
in the test run itself, the animal, after truversing:s(‘etion H (fig:, 2), 
was forced to resume Ids origdnal <lireetion of loeomotion in nl- 
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DATA AND DISCUSSIOxN- 

Table 1 presents the cunixilntive scores (per trial) expressed 
as percentages of the cumulated total for both groups of animals. 
In the third row of the table are presented the standard errors of 
the percentages for each trial.‘ The fourth row presents tliat per- 
centage which should have obtained for either the ‘'centrifugal 


TABLE 1 

Cumulative ' ' Centripiigal and '‘Forward-Going’^ 

Scores (T’ercentacjk) 


Trials 

1 

2 

3 

4 

5 

0 

7 


9 

10 

Centrifugal swing.. 

54.17 

50.25 

58.33 

00.42 

01.07 

01 81 

59 52 

59 38 

00.05 

50.58 

Forward-going 

45.83 

49.75 

41.07 

39.58 

38 33 

38.19 

40.48 

40 02 

39.35 

40.42 


11.9 

7,2 

5.9 

5 1 

4.5 

4 2 

3,8 

3.0 

3.4 

3.2 

50%-|-3(r 

85.7 

71.0 

07.7 

05 3 

03.5 

02 0 

01.4 

00.8 

00.2 

59.0 


swing or “forward-going’’ score, in order to assure us that the 
percentage was significantly diiferent from that wliich might have 
occurred by chance. These percentages (i.e., the scores in the 
fourth row) were obtained by adding to 50 i)er cent. 

It will be seen from the total score (i.e., cumulative score, tenth 
trial) that the animals were making a significantly greater numler 
of ‘‘ centrifiigal swing’’ choices than chance alone would permit. 
These scores represent composite scores with any possible influ- 
ence of “positional preferences” controlled and can only be in- 
terpreted to mean that of any of the following factors : ‘ ‘ positional 
preference, ” “ forward-going ’ ’ tendency, or ‘ ‘ centrifugal swing, ’ ’ 
the last named was the prepotent factor operative in determining 
the behavior of the group at choice-point 0, 

4 The common formula a- = 

Vn vrium U8C<1 to cxmiputo thoHO standard errors. 

N, of course, increased by steps of 24 each trial, p and q remaining constant, 
i.e., .5 and .5. 




1932] 


Orientation Factors in Maze Running 


91 


TABLE 2 

Individual Eecords, G^roup I 


Eat 

Position A 

Position B 

1 

1 

Total 
Centrifu- 
gal awing 

Total 

Forward- 

going 

Position Response 

Centrifu- 
gal swing 

Forward- 

going 

Centrifu- 
gal swing 

Forward- 

going 

Right 

Left 

1 

3 

2 

4 

1 

7 

3 

4 

6 

2 

4 

1 

5 

0 

9 

1 

4 

6 

3 

2 

3 

3 

2 

5 

5 

4 

6 

4 

5 

0 

2 

3 

7 

3 

8 

2 

5 

3 

2 

3 

2 

6 

4 

5 

5 

6 

3 

2 

3 

2 

6 

4 

5 

5 

7 

4 

1 

1 

4 

5 

5 

8 

2 

8 

3 

2 

2 

3 

5 

5 

6 

4 

9 

5 

0 

0 

5 

5 

5 

10 

0 

10 

5 i 

0 

3 

2 

8 

2 

7 

3 

11 

5 

0 

4 

1 i 

9 

1 

6 

4 

12 

5 

0 

5 

0 

10 

0 

5 

5 

Total 

47 

13 

35 

25 

82 

38 

72 

48 


TABLE 3 


Individual Eecords, Group II 


Rat 

Position A 

Position B 

Total 
Centrifu- 
gal swing 

Total 

Forward- 

going 

Position Response 

Centrifu- 
gal swing 

Forward- 

going 

Centrifu- 
gal swing 

Forward- 

going 

Right 

Left 

13 

5 

0 

0 

5 

5 . 

5 

10 

0 

14 

5 



2 

8 

2 

7 

3 

15 

5 



3 

7 

3 

8 

2 

16 

0 



2 

3 

7 

2 

8 

17 

2 



1 

6 

4 

3 

7 

18 

1 

4 

1 

4 

2 

8 

5 

5 

19 

1 

4 

3 

2 

4 

6 

3 

7 

20 

4 

1 

1 ! 

4 

5 

5 

8 

2 

21 

0 

5 

5 ! 


5 

5 

0 

10 

22 

5 

0 


5 

5 

5 

10 

0 

23 

1 

4 

4 

1 

5 

5 

2 

8 

24 

5 

0 

1 

4 

6 

4 

9 

1 

Total 

34 

26 

27 

33 

61 

59 

67 

53 
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Turning now to a consideration of each one of these possible 
factors, we shall attempt to ascertain the importance of these vari- 
ables by an analysis of individual scores. 

1. Positional Preferences . — ^Yoshioka (1928) suggests the pos- 
sibility that a '"positional preference’’ on the part of the rat may 
be a determining factor influencing the animal’s behavior at any 
given choice-point when first introduced in a maze. In later arti- 
cles Tosliioka (1930&) and Gengerelli (1930) have shown the 
actual existence of "positional preferences” in untrained rats. It 
is obvious, therefore, that some such factor may have l)ecn opera- 
tive at choice-point G (GO in the present experiment. If such were 
the case for any one rat, the animal would have devided his 
choice equally between "centrifugal swing” responses and "for- 
ward-going” responses, since in position 3a (fig. 3) a "turn to the 
right” would have been scored as a "centrifugal swing” choice 
and a "turn to the left” as a "forward-going” choice; whereas 
in position 2h just the reverse would have obtained. Since each 
animal was run in both positions the "forward-going” and "cen- 
trifugal swing” scores should therefore have Imm approximately 
equal. 

Tables 2 and 3 present the data for the individual animals in 
both positions. Total "centritugal swing” scores, "forward- 
going” scores, and "positional” scores are given. Defining arbi- 
trarily a "positional” animal as one which mak(‘s at least eight 
out of the ten choices to the right (or to the left), we see that 11 
of the 24 are "positional” rats. Eight favored the right position; 
three, the left. 

Such an arbitrary definition leaves out of consideration those 
animals which showed a somewhat lesser tendency to prefer one 
side to the other. Nine rats showed such a preference, at least 
to the extent of 6 out of 10. Considering these nine animals as a 
group we have presented in table 4 the effect of "centrifugal 
swing” on the apparent "positional preference.” The data for 
this table were obtained by first determining the position preferred 
by each animal, then, under the "C.S. -f- ” rubric, indicating the 
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number of ehoiees iti keopiiijr with Hueh a tendency when this 
tendency was als<i a ‘*ct‘ntrirnKnl swinK’’ turn; ai^nin, under the 
rubric the nuniher of such ehoiees opposed to a ‘'cen- 

trifugal swing’* turn. Thus we can <letermine the etTeet <d‘ “eetitri- 
fugal swing"’ up<ni a relatively slight |»ositional prererene<\" ’ 
From the.se data wt* see that of the “positionar" responses, 37 
were made when ‘‘centrifugal swing” ilitl not oppose such a turn 
and only when “eentrifttgnl swing” op(H)sed the turn to the 
preferre<l si<le. The prohnldlity i»f these 37 ehoiees occurring with 
“eeiitrifugal swing” responses hy chance ahuie is tudy 1.74 in a 
hundred. 

Objection may he raised to such a .statistical treatmetit on the 
fyround that in considering the 37 ehoiees ns a lump ntnount we 
may he giving undue weight to the performnnee of tw<t or three 
animals which .shovve<l that teinleney, whereas what we should he 
intere.sted in is whether or m»t the acentffr piKsitional animal 
showed tlu* same thittg. To answer this ohjeeti(»n we have deter- 
mined the relinhility of the dilTereitee lii*tween tin* means of the 
two groups (“('.S. f ” anti hy tin* ust* <d’ Fisher's O’* 

The obtained t is whieh ean he interpreted tt» mean that 

the prohnhility <»f the tlilferenee between the ohtaiinsl means 
oeeiirring l»y ehanee is less than oite in a htimlred. 

It follows then, that even in thmr rats which dispUntal a slUjhi 
tnulrncjf tu rcspcml on the hasis of p«tsitiitnal preferences,^^ 
^UcnirifHtJitl operated in some decree, 

ertUiuliimy wie* untjoie U t»v fU ’tt il» i» fiinning th** «igMtn tli*' 

formula \ n{|N p 50 j i| ,fii» niel N :t7 \ ;»t i. ptiing 

this, Higma is rmnol t*» !»'' li.HO. Thirtv .wv»'n in thru uwiiy treat the 

m'orr exjKTtt’tl hv rhnarr, Cit, nr 5 m j»rr «*f-at »»f ‘tS, 


/ t t \ Crnliot;?. /v ^ 

’ \«t ft Hifl/ * a* f t *Oi| f I e «i f «!> V*' 

/ - t I jiH, f f ’ 

'' N ^ «t f «? f .* 

Wi f Hj 


rM f r* d 


This metfaet ef Htialv«ii in uto^ wh*»*h h MOe fi»r eur iluta htawiitat'h 

aa tin* mimtn*r »»f vnm n n ’t?! thnn lio, ae aioag *»f tftene sttt 

tiatioH HIM* Pinher 
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In this analysis of the effect of position we have now considered 
all hut four aniiuals. Tliese four atiimals, as can be seen from 
tables 2 and S, divided their responst^s, as far as position is con- 
cerned, exactly evenly — five to the rijrht and five to the left. 

2. Forivard-going tendency.— Vnnn <mr discussion of the entire 
group result (p. 90) it was seen that, so far as the group was con- 
cerned, a statistically significant number at its choices was opposed 
to the ‘'forward-going'’ concept. OF the total of 240 choices but 
40.42 per cent were “ forward-going” turns. This is significantly 
less than oO per c(Uit, whereas if a “ f(»rward-going“ tendency were 
at work we should have ohtaine<l a perc(Uitag(‘ significantly greater 
than 50 [)er cent. 

An examination of the indivi<hial reeortls substantiates the fact 
of the absence of any “forward-going” ttuidency of atiy impor- 
tatice. 

If we apply tin* sam<‘ criterion fu‘re that was applied in discuss- 
ing the ‘ ‘ positional ’ ’ rats w<‘ find that onltf one rat of the M showed 
a consistent forward-gohur' tendency. Hat IH (table 0) chose 
a “forward-going” turn eight times in the ten trials, with his 
position responses divi<le<l e<|UHlly between right and left turns. 
Besides this one ariimal only two <ither rats showed even the slight- 
est preferenc<‘ for a “ f<ir ward-going’' n»sponse, rats 19 and 16. 
Rat 19 Favored the “ forwanl-going” turn to the (*xtent of G to 4, 
and rat IG, to th<‘ extt*nt of 7 to 2. These difTenmees in favor of 
the “forward-going” ehoie(*.s are so slight that they can hardly 
he acc(‘pted as evid<‘nee imlicatittg any real effect of such a tend- 
ency, and of further signifieanee is tlie faef that these tiro anmah 
could have been categorized as left-position animals with even 
more assurance, for rat IP favored the left choice to the extent of 
7 to 3 and rat 16 to the extent of H to .2. 

The only conclusion po.ssible in the light of these facts is that 
our data show an almost insignificant efT«u*t of any “forward- 
going” tendency. 

11. Centrifugal swing.- The gross group scores have already 
been discusse<l (see p. 9(1). By exp<*rimentally controlling any 
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effect of ‘‘positional preference,” it was shown that, for the entire 
group, ‘ ‘ centrifugal swing ’ ’ was the most important determiner of 
the animars choices. 

Examination of the individual scores (tables 2 and 3) reveals 
that five rats met our criterion of 8-2 and may thus be classified 
as “centrifugal swing” rats. It is further to be noted that this 
classification of these five animals is the most valid, since none of 
the five showed greater preference (i.e., 8-2) for “positional” 
responses. 

Up to this point we have definitely classified 17 animals (table 
5) as showing either a “positional preference,” a “forward- 
going” response, or a “centrifugal swing” response. This leaves 
seven animals which showed no definite preference. Of these seven 
animals, three (Nos. 1, 5, 6) made a greater number of “centri- 
fugal swing” turns than of either positional or “forward-going” 
turns. 

It should be pointed out that the concept of ‘ ‘ centrifugal swing * ^ 
as a factor influencing the choice-point behavior of a rat is more 
important in the determination of the locus and frequency of 
errors in a maze containing elbows than would appear from our 
data. From unpublished data it appears that it is possible to vary 
the difSculty of a maze and the difficulty of the various blinds in 
the maze by so arranging the sequence of turns that “centrifugal 
swing” vrould force the rats into either the blinds or the true path. 
In the construction of a maze, it is an important factor to be 
considered. 

Such determiners of error scores as food-pointingness (Tolman, 
Dashiell), general direction orientation (Yoshioka, Dashiell), 
“forward-going” tendency (Dashiell and Bayroif), and the like 
have been deduced from an analysis of the difficulty of blinds. It 
is suggested in the light of the present experiment that the influ- 
ence of such a specific, local factor as “centrifugal swing” must 
be considered before the distribution of error scores is attributed 
solely to any such general factors. 
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TABLE 4 


Effect of ‘'Cbntrifucjal 
Swing’' on ‘Tositional 
Preferknces” 


Rat 

Centrifu- 

«al 

Rwing-f- 

Centrifu- 

Kal 

swing— 

14 

5 

2 

17 

4 

2 

19 

2 

4 

1 

4 

2 

2 

o 

5 

*> 

1 

•1 

o 

8 

o 

2 

tl 

2 

10 

5 

2 

U 

5 

1 

Total 

27 

21 


TABLE 5 

Classification of Individtjals 
Meeting Norm 


Hat 

2 

4 

7 

9 

10 
11 
1*2 
la 

14 

15 
10 
18 
I’O 
21 
22 
22 
24 


C'cntrifu- 

Kul 

nwiuR 


I' <jrward- 
Kiung 


Positional 


11 


HCMMAHY 

Twenty-four white ruts were run through a situation designed 
to test the ndative merits (»f the etirieept (jf a f<»rward-going^' 
tendency as opposetl to the concept <if "centrifuKal swing’^ in ex- 
plaining the naive rat\s beluivhir at a choice-point. From a con- 
sideration of the <lata olitnined it is |)ointed out that when the 
disturbing factor of ** positional preference’^ is controlled, *‘cen- 
trifugal swing” assumes a much grc*ater importanc<» than a possi- 
ble ”forward-g<ung” tendency in explaining the rat's behavior at 
a clioiee-point. 
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MAZE LEARKING IN RATS IN THE 
ABSENCE OF SPECIFIC INTRA- 
AND EXTRA-MAZE STIMULI 

BY 

0. H. HONZIK 


INTRODUCTION 

On the basis of results of a previous experiment^^^ it was con- 
cluded (1) that maze learning in rats is not necessarily dependent 
on the formation of simple stimulus-response connections and 
(2) that accurate maze running is not a purely kinaesthetic chain- 
reflex phenomenon. The suggestion was made that maze learning 
in rats, even under the ordinary conditions of an unchanging 
maze, contains elements of what in human beings we call rational 
learning. 

The present investigation is a continuation of the previous 
study, although a maze of a different pattern is used for two of the 
three groups of rats utilized. It will not, however, be amiss to re- 
peat in general terms the procedure and argument that hold for 
both studies : 

If hlmd rats can learn a fairly difficult elevated multiple T-maze when the 
units of the maze are constantly interchanged and shifted about (the pattern 
being kept constant), and if, further, the rats are not disturbed in their per- 
formance when the maze is rotated in the room, it may safely be said that 
learning was accomplished independently of specific visual, tactual, olfac- 
tory, and auditory cues or stimuli. When these four types of stimuli are ex- 
cluded as directive cues in tlie running of the maze, the rats may still be said 
to have learned the maze kinaesthetically; that is, they have learned a kinaes- 
thetic pattern which unrolls itself, as it were, when the rats are placed on the 
maze. If, then, the running of the maze is purely kinaesthetic, a disruption of 
the kinaesthetic pattern should perceptibly upset and confuse the rats, increas- 
ing significantly their error scores. Such a disruption can be simply accom- 
plished by inserting in the maze at desired points a block and a short new path 
which will force the rats to leave out a part of the maze and cause them to 
jump, figuratively speaking, from an earlier to a later part of the maze. If now 

[ 99 ] 
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the rats are able to make this so-called "short eut’^ without confusion— if 
they run the later part of the maze immediately after the short cut* with no 
significant increase in errors — we are compelled to conclude that they are not 
running the maze purely kinaesthetieally, or, in other words, that kinaesthesia 
is not operating as a factor necessary to correct running. This conclusion is 
made certain when wo consider that exploration of the maze after the short 
cut, to pick up kinaosthctic cues, would inevitably lead to blind entrances and 
cause a significant increase in the number of errors. Visual stimuli and specific 
tactual, olfactory, and auditory stimuli being now eliminated as necessary 
factors in the running of the normal pattern of the maze, and pure kinaesthetic 
running being excluded by the performance on the “short cuts,” wo conclude 
that the rats somehow, independently of specific sensory cues, "know” where 
they are after making the short cut; or, to express the matter in Lashley^s 
words, we conclude that "the maze habit cannot be interpreted as a series of 
kinaesthetic-motor reflexes [nor as a aeries of stinuilus-responso connections] 
but must bo referred to some intraneural mechanism capable of producing an 
integrated sequence of movements in the absence of directive sensory cues.” 

EXPERIMENT I 
The Maze for Group III 

A group of 17 rats (Group III) was trained on the maze used in 
the previous study. This maze was of the elevated type (fig. 1) ; 
the rails or pathways were of finished pine 2 inches wide and stood 
30 inches above the floor, being supported by 1% inch x 1% inch 
uprights. At points indicated in figure 1, gates were inserted to 
prevent retracing. These gates were of Vt inch wire mesh. By 
means of stout wire pivots at the top, they w^ere made to swing be- 
tween two uprights fastened to the rails. The gates were thus parts 
of the units to which they were fastened; and tliey were moved 
about with the units, as will be explained later. A short nail in one 
of the gate uprights prevented a gate from swinging backward, 
and, according as the gate was placed on one or the other side of 
the nail, the gate could be made to swing in either direction. The 
gate could also be easily removed, leaving only the two uprights 
in place. 

The maze contained 19 blinds and these varied in length from 
11 to 14 inches. The true path measured 59 feet. The units of the 

* To Dr. R. C. Tryon belongs the credit of first suggesting and trying the 
method of "short cutting” to disrupt a kinaesthetic sequence, if such exists. (7) 
Instead of using blind rats, Tryon ran his rats in complete darkness. His start- 
ling results suggested this further research. 
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maze were numbered consecutively, beginning at the starting plat- 
form, from 1 to 26. Of these 26 units ten, namely, units 1, 2, 4, 9, 
10, 11, 12, 14, 16, and 22, were 42 inches in length; units 6, 13, 24, 
and 26, 36 inches; units 3, 20, and 25, 16 inches; units 7, 21, and 
23, 30 inches; units 15 and 19, 28 inches; and units 5, 8, 17, and 18 
were of odd lengths, 22, 63, 65, and 55 inches, respectively. Units 



Fig. 1. Diagram of elevated maze used in Experiment I. Arabie numerals 
indicate blinds; roman numerals, units. Short cuts are indicated by broken 
lines. 


of the same length could be interchanged easily by lifting a unit 
out of the maze and inserting another from another part of the 
maze in its place. The pattern of the maze, of course, remained 
unchanged. Units of odd lengths could not be interchanged with- 
out changing the pattern, but these units could be turned end for 
end or replaced by others of the same length that had been lying 
idle. Ten units, besides the ones just mentioned, were constructed 
and these were inserted at various times in appropriate places in 
the maze while the original units lay idle. 

It is obvious that, with the maze so constructed, it was possible 
to change the maze completely, so far as its component parts were 
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concerned, without chanpring: the pattern. If there were directive 
stimuli, tactual or olfactory, specifically locatetl at the various 
choice points in the rat’s path, interchanpinjr the units would m. 
evitably disturb these stimuli and make depemlenee on them of no 
avail. Since the floor on which tlie maze was set was rather uneven 
the junction of any two units varietl from one interchange of unite 
to another, and this had the elTect <»f further inen‘asing the con- 
fusion of tactual .stimuli with the shift inir of units. Itsliouldbe 
mentioned also that besides being: shifted frtnn place to place the 
units were often turned end for end so that what had heeuablind 
was now a part of the true path, anti vice versa. I n such shifts unite 
with gates would have the gate.s in the hliutl, aiul this neeessitnted 
removal of the win* mesh or renutval of the nail tt» let the gate swing 
both ways so as to make possible a return in the evtud of an error. 
It is clear that with this procetlnre the efftn't was to confuse tactual 
and olfactory .stimuli completely and probably to add new distract- 
ing stimuli because of tlie unevenness of the tha»r nml the prasenee 
in many units of gates in blinds, these gates being in siudi positions 
that they could be felt by the vibriasae of the rats when they stood 
at the clioice points. 

MkTUOOS A.N’t> A.VtM.\t.S 

The rats were blinded by removal of the eyeballs, a .simple oper- 
ation that had no perceptible ba<l effect on the rnt.s’ healthor vigor. 
Preliminary training was begun live <lnys after the 4»jieriition.This 
preliminary training rerpiireil six days and consistcil ttf three runs 
over a straightaway on the first <lay and then from four to seven 
runs daily on longer set-ups with eorn»>rs and gates. The rats were 
then started on the maze proper ( fig. I ) . 

Two runs daily w<*re given on the maze up to the twenty-first day, 
and thereafter three runs <laily. The ftnimuls wi*re fed only in the 
food box at tlie end of the maze and the foiHl wa.H sn apportioned 
that they were alw'ays hungry an<l eager for food. Fretim-nf weigh- 
ing wa.s used as a check against tcsi great a loas in weiglit. 

An entrance into a blind to within tVtiir inehes of the end of the 
blind wa.s counted an error. This nteuus that in the longer Winds 
(blmd.s varied from 11 to 14 inches) the rat eoiild enter a blind to 
its full body lengt.h, but if its vibrissae did md reach the end of the 
blind — ^and this could not occur unle.ss the rat came within less 
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than four inches of the end — such an entrance was not counted an 
error. Ignoring in this way partial blind entrances may be thought 
a low criterion for error scoring. Reasons for the procedure are as 
follows. If a blind rat turns before it has reached the end of the 
blind, we may fairly say that without direct sensory evidence of 
having entered a blind it has checked an error. Visual evidence was 
precluded, since the rats were blind; tactual and olfactory evi- 
dence could not be depended on, because units were shifted and 
turned end for end. In the short cut trials, when the rats came to 
choice points immediately after making the short cut, hesitation 
and uncertainty in behavior was frequently observed. Often an 
entrance into a blind was begun but quickly checked. Since units 
were interchanged in all short cut trials, specific sensory stimuli 
could not be causes for this cheeking of false turns, and we may 
say that in such entrances a complete error was not made. Some 
danger lay in the possibility of inaccurate observation of the rat’s 
distance from the end of the blind, and it should be said that if 
there wiis any doubt the entrance was scored an error. Full errors, 
as just defined, were indicated by tlio numbers of the blinds in 
which they were made; thus not only the number of errors but also 
the exact location of each error was recorded for every run. 

Rkbuuts fob Group III 

Group II r consisted of 13 males and 4 females, ranging in age 
from 2 to 4 months at the beginning of training. For the first two 
days of training (two runs daily) the maze was unchanged. On 
the third day, 13 of the 26 units in the maze were interchanged 
and turned end for end. Figure 2 gives the error curve for the 
group. A rapid drop in the curve for the first two days will be 
noticed. It is <‘.e)'tain from results of the previous study and from 
other maz(^ studies that this descent of the curve would have con- 
tinued on the third, fourth, and perhaps the fifth day, if the maze 
had been left unchanged. The sudden shifting of 13 maze units on 
the tliird day checked this drop of the curve. Thereafter, because 
no less than 10 (tisnally more) units were shifted for each and 
every run, tlui curve is jagged and its descent extremely slow. 
Shifting of units was so arranged that each day all the units 
changed place, about one-half for the first run, the other half for 
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tlie second. To reach, what looked like a plateau required 25 days 
of running, or 55 runs. It was thought that increasing the number 
of daily runs might hasten learning, so from the twenty-first day 
on three runs daily were given. 

The checking of the initial drop in the curve due to interchange 
of units and the subsequent slow descent of the curve raise an im- 
portant question. W. S. Hunter, from similar results on his own 
mazes, has argued that the stimuli from the maze are directive; 
they become cues in the true sense because they call forth definite 
behaviors. Confusion of the stimuli by shifting of units causes dis- 
ruption of maze performance, or, as in our experiment, a retarda- 
tion in learning, because, with constant shifting, stimuli cannot 
become directive. But it is possible to argue, perhaps less plausibly, 
that shifting of units (and of stimuli) is merely distractive. Thus, 
disruption of maze performance could be said to result from dis- 
traction ensuing from a change in the habitual arrangement of 
stimuli. Against this view may be advanced the argument that 
negative adaptation to this sort of distraction should be acquired 
and that our curves, after the initial slowing down, should drop 
more rapidly than they have done. It is clear, from these opposing 
interpretations, that the question of the function of intra-maze 
stimuli in maze performance is not conclusively answered by our 
results or by Hunter’s. It is also quite clear that we have here a 
question of fundamental importance in the general problem of 
maze learning. 

But whatever the true function of intra-maze stimuli may be, 
the rats undoubtedly learned the maze to a fair degree of accuracy. 
Thus on the twenty-third and twenty-fourth days the error records 
(3 runs daily) were, for the six trials, 11, 12, 38, 23, 24, and 18 
errors respectively; or, expressed as average scores per rat: 0.65, 
0.71, 2.24, 1.35, 1.41, and 1.10 errors respectively. Since there were 
19 blinds in the maze, even the highest average score (2.24 errors) 
indicates a high degree of accuracy of performance. We may con- 
clude that the rats learned the maze independently of specific tac- 
tual and olfactory stimuli from the maze, or, in other words, that 
accurate running was not a matter of simple stimulus-response 
connections, so far, at any rate, as intra-maze stimuli were con- 
cerned. 
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There remained extra-maze aiiditory and possibly olfactory 
stimuli. To check on the possible influence of these, (1) the maze 
was rotated first 180° from its ori{?inal position, then back to its 
original position, and (2) the food box and food were moved to a 
position near blinds 7 and f) (see fig. 1 ) . The curve of figure 2 shows 
the results of these changes. Correlated with removal of food box 
and food, there were no significant inci’eases in errors. Upon rota- 
tion of the miize there is an xipward jump, in the error curve, from 
13 to 29 errors. It is, however, very doubtful that this increase in 
errors was entirely due to a change in the direction of auditory 
stimuli. Because the maze wius not on a platform, rotation could 
only be effected by taking the maze completely apart and setting it 
up again in a new place; and, because of the extreme unevenness 
of the floor, this procedure undoubtedly caused unusually large 
tactual differences at the junctions of units, i.e., the choice points. 
The upward jump in the error curve was most probably due to 
this fact. Nevertheless, the highest error score when the maze was 
rotated was only 4 errors greater than the highest score in the four 
days before rotation. It is to be noted also that there are in the 
error curve other upward jumps as large as and some larger than 
this rise of 16 errors (an average increase of 1 error per rat) which 
seems to be due to maze rotation. For example, on day 55 there is 
an upward jump of 18 errors; on day 23, 26 errors; on day 20, 
18 errors. We may safely conclude that extra-maze auditory and 
olfactory cues did not play an appreciably significant role in the 
maze performance. 

So far, we had excluded visual stimuli, prevented the operation 
of specific intra-maze tactual and olfactory stimuli, and shown the 
lack of influence of extra-maze auditory and olfactory stimuli. The 
possibility remained that the rats were running the maze kinaes- 
thetically. In kinaesthetic behavior, as, for example, the playing of 
a very well known piece on the piano, it is generally supposed that 
each movement is the stimulus for a definite succeeding movement. 
The essence of kinaesthetic behavior is the definite, unvarying 
order in the sequence of movements. Disruption of the order, or any 
forced changed in the fixed sequence, must inevitably disrupt the 
organism’s smooth performance, and presumably the animal is 
compelled to fall back on external stimuli to set itself right, to 
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recover the habitual order of movements. In our rats such a forced 
disruption was eifected by short cutting, that is, by forcing the 
rats, by means of a block and a short new path, to leave out a part of 
the maze. The habitual order of movements was definitely changed. 
But when the or<ler of movements of the rats was thus changed 
there was no possibility of falling back on specific stimuli, for these 
were changed with the shifting of the units, and auditory and 
olfactory stimuli from outside the maze were found to be without 
influence. 

Training for (Iroup III (‘xtended over 60 days. Prom the twenty- 
first day oiv, as mentioned above, three runs daily were given, and 
on the twenty-sixth day the various short cutting trials were be- 
gun. Eleven different short cuts, as indicated in figure 1, were 
tried, and eight of these were given twice on widely separated 
days. The first run each day was always over the whole maze (such 
runs will hereafter be calh'd normal pattern runs) and frequently 
the first two runs were of this type, followed by sliort cut or “put 
on” trials. It was uecu'Hsary to give at least one, preferably two, 
runs each day over the complete maze, because the true path in the 
maze as a whole had to be maintained as a basis on which to try 
short cuts. A succession of short cut trials without normal pattern 
runs would probably have led to confusion, since this would have 
meant tlu^ running of changing maze patterns. 

The procedun? being in all essentials the same for all short cuts, 
one short cut trial may be described in some detail. Short cut 2-7 
(see fig. 1) was given on the twenty-sixth day (fig. 2). On this day 
ten units of the maze were interchanged and a normal pattern run 
was given. A short path was then inserted between units IV and 
X, and two tin blocks were placed, one at a point six inches from 
the turn into unit V, the other six inches from the turn into blind 
6. All the \inits from unit IX on were interchanged with other 
units. The. rats were started from the platform and all entered 
unit V, as was to be expected. Encounter of the block here natu- 
rally caused some confusion; moat of the rats wandered back over 
unit IV to the gate on unit III. It may be mentioned that this con- 
fused behavior diminished with succeeding short cut trials, as if 
the rats had learned to look for a short cut path whenever a block 
was encountered. Hooner or later, the new path to unit X was 
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found and taken. All the rats, on this trial, approached the block 
on unit IX. Our chief interest was to record the rats’ behavior from 
this point on. Hesitations at the choice points were frequent, but 
no complete record was made of these; only errors as defined above 
were recorded. The units were again shifted and the rats run a 
second time on this short cut. The number of errora made in the 
part of the maze from blinds 7 to 19, inclusive, is to be compared 
with the number of errors made in the same portion on normal 
pattern runs, that is, when the rats ran the entire maze. Although 
error curves furnish easier and clearer comparisons, we present, to 
conserve space, a table instead. Table I gives scores for each trial 
of the various short cuts, and, to compare with these, eight scores 
on the same part of the maze when the rats ran the full normal 
pattern. Table 1 is to be read as follows. Short cut 2-7 (blinds 
7-19) was given three times, twice on the twenty-si.xth day and 
once on the forty-ninth day (right-hand column). Error scores 
made on these trials are, in the same order, 1.'), 22, and 13 (third 
column) . Error scores made on the same part of tlu‘ maze, namely, 
blinds 7-19, when the rats ran the normal pattern, are 29, 17, 18, 
28, 11, 6, 12, and 11 (second column). Th(>sc eight scores are taken 
from the eight normal pattern runs preceding the first 2-7 short 
cut trial, and are therefore only sample, scores, since there were 
many more normal pattern runs, but these scores are. representa- 
tive of normal pattern performance on blinds 7 to 19. It will be 
noted that the highest score for short cut 2-7 (22 errors) is well 
below the highest normal pattern score (29 errors) . We may there- 
fore say that this short cut was executed within the criterion of 
correct performance. Whatever eonfiision the short cut may have 
caused, it was certainly not sufficient to inerea.se the errors above 
the usual records when the rats ran the whole maze. The data of 
table 2 indicate that the rats did not explore more than usual; de- 
pendence on specific tactual and olfactory stimuli from the maze 
was impossible, because the units had been shifted; extra-maze 
auditory and olfactory stimuli had been found without effect. We 
may conclude tentatively that the rats in some sense “knew” where 
they were after taking the short cut path, and that by virtue of 
this “knowledge” they ran the rest of the maze with their usual 
accuracy. 
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TABLK 1 



Ntirmal pattern 
etHjrdi 

Hhort cut 
8CH>rea 

l)ay« when short cute 
wore Kiven 

Short cut 2-7 
(Bliiuls 7-19) 

29. 17, 18, 28, 

11. (1, 12, 11 

15, 22, 13 

25, 25, 49 

Short cut S-12 
(Blimis 12-19) 

5. i:), 9, 5, 4, 2, 
5. 9 

18, 0, 20, 4, 14 

27, 27, 50, 51, 

51 

Short cut 2-5 
(lUiiulH 5-19) 

22, 2«, 15, 14, 

19, 12, 19, 21 

24, 18, 21 

28, 28, 52 

Short cut 5-14 1 

(BlimlH 14-19) 

2, 1. 0 , 1, 0, 5, 
0.4 

18, 13, 5, 8, 5 

29, 29, 30, 30, 

57 

Short cut S-14 
(BliiiaH 14-19) 

1, 0, 5, 0, 4, 

2, 5 

3,2 

31, 31 

Short cut 5-5 
(lilimlH 5-19) 

25, 19, 54, 25, 
23, IH, 14, 24 

29, 15, 15 

32, 32, 64 

Short cut 2-15 
(Hliu(l« 15-19) 

0, 5, 0 , 2, 1, 5, 

0 , 1 

10, 5, 6 

33, 33, 59 

Short cut oiul 5-15 
(HIukIh 15-19) 

5, 0, 2, 1, 5, 0, 

1. I 

0,2 

37, 37 

Short cut 5-rrii<i 8 
(BlindN 5-19) 

19, 21, 23, 18, 

14, 24. 17, 19 

20, 20, 7 

34, 34, 55 

Short cut 1-15 
(BUiuIh 15-19) 

0,2, 1,5, 0, 1 , 
1,0 

10, 2, 1 

35, 35, 57 

Short cut mid 17-15 
(Bliwln 15-19) 

2, 0, 1, 5, 0, «, 
1,0 

0,2 

35, 35 
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TABLE 2 
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TAm.K 2—tCoHtinue<l) 

Hh<»rt cut 8-14 
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TABLE 2—(Conelmh'd) 





It is also of interest to know in what blinds the errors were made 
on short eut trials, and how many rats of the seventeen made 
errors. This information is contained in table 2, which is to be read 
as follows: On the first trial of short eut 2-7, blind 7 had 5 errors, 
blind 8, 3 errors, blind 10, 2 errors, blind 13, 5 errors; and 10 rats 
made a total of 15 errors, which means that some of these 10 rats 
made more than one error while the remaining 7 rats made no 
errors. On the second trial, blind 7 had one error, blind 8, 3 errors, 
etc., and 15 rats made a total of 22 errors. The totals indicate that 
blind 13 was entered most frequently ( 16 errors) , and blinds 8 and 
10 next (11 errors each) . If the rats had explored the maze immedi- 
ately after taking the short eut, in an effort to “pick up” the kinaes- 
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thetic sequence, we should expect blinds 7 and 8 to account for 
most of the errors. Actually they account for 18 errors as against 
27 errors in blinds 10 and 13. Blinds 10 and 13 were, incidentally, 
also difficult in the normal pattern runs. 

At this point two possible arguments may be considered. The 
possibility that the rats might have run correctly the part of the 
maze following the short cut path iy chance, was mentioned above. 
In the previous experiment, in order to obtain objective evidence 
on this point the maze pattern following short cut 2-7 (and other 
short cuts) was completely changed, but the new pattern had the 
same number of blinds. The argument was that, if the rats were 
running corectly merely by chance, then they should perform 
equally well on any pattern. The enormous increases in errors 
when the maze pattern was changed demonstrated conclusively 
that chance could not account for the rats’ performance. Because 
of this clear demonstration it was deemed unnecessary to repeat 
the procedure in the present study. 

The other argument is that, in spite of the constant shifting of 
units, some intra- or extra-maze stimuli by which the rats could be 
guided, still remained. If there were such directive stimuli, it is 
reasonable to suppose that the rats could be guided by them from 
any point within the maze to the end of the maze. This was tested 
by the following procedure : The rats were placed by hand on the 
end of blind 6, which is the place they reach after going through 
the short cut path, and allowed to run to the end. A block was 
placed, as in short cut 2-7, on unit IX six inches from the turn into 
blind 6. Units were changed as for short cut runs. The starting 
platform was not used. Table 3 gives the results for two such “put 
on” runs; the error scores are 32 and 44 as against scores of 15, 22, 
and 13 for the corresponding short cut 2-7. This excess of “put on” 
scores over short cut scores indicates considerable confusion, or, we 
may say, lack of “knowledge” of whereabouts in the maze. (Similar 
“put on” runs, corresponding to each of the other ten short cuts, 
were tried, and in all the runs there were significant increases 
in errors — ^see below.) We may safely conclude that if any direc- 
tive stimuli remained after unit-shifting (for both “put on” and 
short cut runs), they were insuJBficient for the correct guidance of 
the rats. 
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TABLE 3 



Day 

on which 
given 

Errors 

Errors 

on corresponding 
short cuts 

Put on end of blmd 6, correspond- 

38 

32 

15, 22, 13 

ing to short cut 2-7 

38 

44 


Put on end of blind 11, correspond- 

39 


18, 6, 20, 4, 14 

ing to 8-12 

39 



Put on end of blind 4, correspond- 
ing to 2-5 

40 

49 

24, 18, 21 

Put on far end of unit 18, corre- 
sponding to 6-14 

41 

18 

18, 13 , 5 , 8 , 5 

Put on mid unit 17, corresponding 
to 8-14 

42 

11 

3,2 

Put on mid unit 9, corresponding 
to 3-6 

43 

27 

29, 15, 16 

Put on food end of unit 18, corre- 
sponding to 2-15 

44 

10 

10, 5, 6 

Put on mid unit 18, corresponding 
to end 6-15 

48 

8 

0,2 

Put on mid unit 8, corresponding 
to 3-mid 8 

45 

27 

20, 20, 7 

Put on end of unit 19, correspond- 
ing to 1-15 

46 

15 

10, 2, 1 

Put on mid unit 21, corresponding 
to mid 17-15 

47 

B 

6,2 


When we ask why the large difference in error scores between 
the short cut and the corresponding “put on’' runs, the importance 
of the run from the starting platform to the short cut path, plus 
the run along this path, becomes evident. The run from the start- 
ing platform to the short cut path was obviously essential to good 
performance beyond the short cut. The reason for this will become 
clear from the results of Experiment II. 
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The remaining ten short cuts (and the corresponding ^‘pnt on’’ 
runs) will be briefly discussed in the order in which they were 
given. (For the exact location of each short cut, fig. 1 should be 
consulted.) Short cut 8-12 was not executed with the required 
accuracy in four of the five trials on which it was given. This was 
surprising, since on casual inspection of the maze one would judge 
this short cut to be easy. Of the 62 errors made in the five trials of 
this short cut, 43 (70 per cent) were made in blind 13 (see table 2) . 
The error scores of the two “put on” runs, however, are higher 
than the short cut scores; this would indicate that confusion after 
the short cut was not so great as on the “put on” runs. 

Short cut 2-5 was performed with the required accuracy on its 
three trials. The very high score of the corresponding “put on” run 
confirmed the fact that the run from the starting platform to the 
short cut path was essential to good performance thereafter. 

Of the five trials of short cut 6-14, only one (the last) may be 
considered as done correctly. This short cut was probably so diffi- 
cult because of the presence of blind 14 at the end of the short cut 
path. Of the total of 49 errors made on the five trials, 65 per cent 
were made in blind 14. Of the errors made in the “put on” run 
which was started on the short cut path, 77 per cent were in blind 
14. That there were relatively few errors in the blinds beyond 14, 
namely, blinds 15 to 19, may be explained by saying that the long 
run over unit XVIII plus the two turns without blinds at the ends 
of unit XIX acted as a triple cue by which the rats “recognized” 
their position in the maze. The recognition, however, could not 
have been by means of stimuli from the units themselves, since 
these were changed. It is, however, possible that the long run and 
the turns acted as kinaesthetic cues, that is, that these re-aroused 
the kinaesthetic pattern. The possibility that some short cuts could 
be explained in this way will be considered in connection with short 
cuts that have such factors in their favor. 

The two trials of short cut 8-14 come easily within our criterion 
of good performance. The long run on unit XYIII plus the two 
turns cannot be advanced as an explanation, since these come after 
blind 14. Of a total of 5 errors this blind accounted for only one. 
The “put on” run had a high score, again demonstrating the neces- 
sity of the run from the platform to the short cut. But further, of 
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the 11 errors made on the ‘'put on” run, 82 per cent were in blinds 
1(5 aud 17. Thus* in this run at least* the run over lonjt unit XVIII 
plus the two turns did not aet as an e(Feeti%’‘e eue. This conclusion 
is stren^dlunied by the results of poorly executed short cut 2-15 
which had the two turns but nut the lon^ run in its favor, and 
nevertheless had too many errors* chiefly in blind 1(5, 

The first trial of sliort cut 45 may be cotiHidered doubtful, since 
its score is as hijrh as that of the “put on” run. The remaining two 
trials, iKiwever, are well within the criti^rion. The three scores 
made im slu^rt cut d -mid 8 were well below the hiKhest manual pat- 
tern sc(u*e; the corresp<uulinjr “put on” run had a high score. The 
first trial of short cut h ir> had too high a score; the <»ther two trials 
yielded low scores. The correspontling “put oti” score was high, 
The scores of short cuts mid 17 15 and eiul U- 15 were all good, 
the first trial of short eut tmd (5 -15 having: no errors at all. The 
eorresponding “put cm” se<ireH were high. 

Ashle from the long run on unit XVII I and the two turns at 
(dtlier t'lid of unit XIX menthitmd above. e«irnHd performance on 
short eut runs might possibly take place simply ns a result of the 
following <mt <if an ne<|uired kinaesthetic pnttern. If the sequence 
of turns r<jIIowing ehise after a shortcut i.s estactly the same as the 
.st»quenco of turns in tin* part of the that has been left out, 

the rats e<iuhi van a sliort cut trial tsirrectl y by simply ftdlowdnga 
habitual kinaesthot ic soquonce. For exnmpit*. the seituencc of turns 
following short cut 2 7 is nunnui,. etc.; the .se<{ueuce in the left-out 
portion is HUhU4<;. Hens obviously, the two w**quenceH are different, 
and a following out of the habitual one w-«iuld not give a correct 
performance in the short cut trial. The twn imalogmis se([uences 
for short cut 2 5 arc etc., and E4iHf4«n; for short cut 6-14 

they arc nuiennunnu and Even though the two seiiucnces 

of turns were the same, a correct perftirmHttee on a short cut trial 
would involve n disregard of the <UfTering linigth of runs between 
turns, and this is unlikely. Inspection of the nmzc in figure 1 will 
show, how'ever. that in no short cut are th«^ two setjuences alike, 
and consequently it cannot be saul that the following of a learned, 
stereotyped siHpience accounts for any comnd performance on a 
short cut trial. 
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SUMMABY AND CONCLUSIONS 

We may summarize the results of short cutting as follows : On 
two of the eleven different short cuts (8-12 and 6-14), error scores 
were too high to meet the required accuracy. On three short cuts 
(3-6, 2-15, and 1-15) scores of first trials were doubtful or defi- 
nitely too high, but the scores of remaining trials for each short 
cut were good. On six of the eleven short cuts (2-7, 2-5, 8-14, 3- 
mid 8, mid 17—15, and end 6—15), scores on all trials were well 
within the criterion. The six corresponding “put on” run scores 
were high, that is, above the criterion used for short cut trials. It 
is evident from this that the run from the starting platform to the 
short cut path was essential to accurate performance beyond the 
short cut. 

Why some short cuts should be performed correctly and others 
not is not at all clear from the maze used in this experiment. We 
may hazard the guess that the spatial characteristics of a short cut, 
that is, its position in the maze, have something to do with it. The 
character of the maze pattern following a short cut does not seem 
to be a determining factor, for the patterns following the six cor- 
rect short cuts differ greatly one from another. Since six of the 
eleven short cuts were executed with the required accuracy, we 
conclude that rats possess in some degree the ability in question. 
This ability we should describe as a capacity to react effectively 
and with a TniniTmmri of effort, not on the basis of specific stimuli, 
but by the apprehending of spatial relations. 

EXPERIMENT II 
The Maze fob Gboups I and II 

In order to discover if possible what the spatial characteristics 
of a short cut may be that make it difficult or easy, an elevated 
maze of a simpler general outline was constructed. It was thought 
that a maze rectangular in outline with different arrangements of 
blinds in three comers might reveal something of the factors oper- 
ating. Accordingly, the maze shown in figure 3 was set up. As in 
the other maze, the rails were of pine 2 inches wide, set on uprights 
30 inches from the floor. The three long paths (units I, VIII, and 
XV) each measured 8 feet, and were therefore interchangeable. 
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Two gates on each of these long rails prevented retracing. The 
maze contained 14 blinds, all 12 inches in length except blind 9, 
which was 16 inches. The units in the comers were of two different 
lengths, 16 and 30 inches. Besides the units in the maze, two 8-foot 
rails, four 16-inch units, and six 30-inch units were constructed, 
and these were inserted in the maze at appropriate places when 
interchanging of units began. It is clear that, as in the other maze, 
a complete change of component parts was possible without change 
of maze pattern. 

In a maze of this sort it was comparatively easy to make the 
arrangements of the blinds in the three corners differ one from 
another sufficiently to preclude the possibility of a rat’s running 
correctly through one corner arrangement under the mistaken 
notion that it was in some other comer. Inspection of figure 3 will 
show that the true path at the three corners describes quite differ- 
ent patterns. The succession of turns in the corners is as follows : 
first corner, e(l)lrrl(l); second corner, (l)lrrr(l) (l) ; third 
corner, l(r)rlrl. (Letters in parentheses refer to forced turns, 
that is, turns without blinds.) 

Specifically, the questions asked were these : (1) If the rats are 
short cut diagonally from one side of the rectangle to the adjacent 
side, thus cutting out one corner arrangement of blinds, will they 
react correctly in the rest of the maze? (2) If two corners are cut 
out by short cutting from one side to the opposite side, will the rats 
perform correctly? (3) Will performance after the rat has run 
a diagonal short cut differ from the performance after the rat 
has ran a short cut made by removing the units in a corner and 
extending one side to make it join the adjacent side at right 
angles ? In more general terms, the question was whether the rats 
were aware that the maze pattern formed a rectangle, and whether, 
by virtue of this awareness, they could execute correctly the vari- 
ous short cuts. 

Method and Animals 

Two groups of male rats (Groups I and II), each group com- 
posed of 13 rats, were trained over a period of 102 days. The rats 
ranged from 2 to 4 months in age at the beginning of training. 
Blinding was effected by removal of the eyeballs. Preliminary 
training extended over four days with 3 to 6 runs daily, first over 
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a straightaway, then over longer paths with turns and gates. On 
the maze proper two runs daily were given, and, even when short 
cutting was begun, the number of daily runs was never more than 
two. Food was always given in the food box at the end of the maze, 



Fig. 3. Diagram of elevated maze used in Experiment II. Arabic numerals 
iudicate blinds; roman numerals, units. Short cuts are indicated by broken 
lines and capital letters. 


and frequent weighing served to prevent too great a loss in weight, 
besides indicating roughly the degree of hunger. 

As in Experiment I, an entrance into a blind to within four 
inches of the end of the blind was counted an error. The reasons 
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for this scoring criterion given in Experiment I hold here also. If 
the rat’s distance from the end of a blind was in doubt, the en- 
trance was scored as an error. Errors were indicated by the num- 
bers of the blinds in which they were made. 

Results for Groups I and II 

Results for Groups I and II up to the point when short cutting 
began will be treated separately. This is because Group II was 
started on the maze two days after Group I, and thus Group I was 
four runs ahead of Group II. But before short cutting began, the 
two groups were equalized by running Group I only once a day for 
four days so that this group then had the same number of runs as 
Group II, Thereafter, all short cuts and other runs were given the 
two groups on the same days, and results on short cuts and other 
runs for the two groups have accordingly been lumped. 

Because of the long paths between the corners of the maze, that 
is, between the parts that required learning, it was thought that 
learning would be somewhat retarded. It was therefore surprising 
to find a very steep descent in the error curves of both groups (fig. 
4) , By the end of the third day (six runs) the rats had apparently 
learned the maze; from that day on both curves are plateaued, the 
only noticeable deviations being the two runs on day 7 of Group II. 
It is perhaps unnecessary to remark that during this period the 
maze was not changed in any way. We wished to see what effect the 
sudden interchanging of all maze units would have on the rats’ 
performance and thereby possibly to gain some light on the role of 
intra-maze stimuli. 

On the thirteenth day for Group I and the eleventh day for 
Group II (because Group II was two days behind Group I) every 
unit of the maze was interchanged with some other appropriate 
unit. This change was made for the second daily run, that is, be- 
tween the first and second runs of the day. The effect on both 
groups was startling. Group I made more errors than it had on 
the first trial; Group II made almost as many (fig. 4) . It was as if 
a new maze had been suddenly presented. Whatever the exact role 
of intra-maze stimuli may be in respect to blind rats, it was obvious 
that the changing of these stimuli by shifting of units had a great 
disruptive effect on maze performance. 
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Other interestinp: facts appeared. As was mentioned above, the 
interehanpre of units was made for the second daily rtin of days 11 
and 13. The maze was then left untouched for the first run of the 
sueceediiif' day. But for the. second run of the sueceedinj? day the 
units were a{;ain completely interchanjyed. Thus the shifting of 
units took place hetioeen the two rims of each day up to day 21 
(day 19 for Group II). Considering for the moment only the curve 
of Group I, we note a very regular up and down zigzagging from 
days 13 to 21. It will be noticed that all the points marked “2” are 
above the points marked “1”; the second run of each day, that is, 
the run immediately following an interchange of units, always had 
more errors than the first daily run, which was made on the maze 
unchanged from the previous day. One may interpret this by say- 
ing that on the first run of each day (and the bust run of the pre- 
ceding day) the rats had experienced groups of stimuli (tactual, 
kinaestlu'tic, and olfactory) in definit(‘ spatial relations and that 
the disturbance of the general stimulus-pattern resulting from the 
unit-shifting for the second daily run was the cause of the increase 
in errors. The question whether the increase in number of blind 
entrances was due to distraction or to the fact that the stimuli had 
taken on some directive value during the two previous runs, is not 
answered by tlu^ n*sults just described, and we shall presently 
show that this <iucstion is probably beside the point. 

On the above interpretation as a basis, a prediction might be 
made that interchanging units between days instead of between 
the two daily runs should cause the following changes in the error 
curves : (1) the first runs of each day should have more errors than 
the second runs, and (2) the up and <lown zigzags should be of 
smaller magnitude, since the rats had a longer period (24 hours) 
in which to “forget” how tin* stiimili were arranged on the preced- 
ing day. Actually, the curve bears out these predictions. The points 
marked “.1" are all higher than the points marked “2.” (The re- 
versal in the r<^lative positions of tlui I’s and the 2’8 caused by the 
change in time of unit-shifting is easily seen by following the 
broken line in fig. 4, Group I). And the up and down excursions 
of the (iurve are in general smaller. 

The facts, then, are that, when unit-shifting occurred between 
the two daily trials, the second trial always showed more errors 
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tlian the first, and that when the sliiftin}' occurred between days, 
the first trial showed more errors than the second. We must add, 
however, that although the same facts also liold substantially for 
Group II, there are two differences between the two curves: (1) 
the up and down excursions of the curve of Group II are not so 
regular as those of the curve of Group I. and (2) on day 24 (Group 
II) the positions of “1” and “2” are reversed. Probably these dif- 
ferences are not serious, since the spatial relations of the “1” and 
the “2” points are, with the one exception noted, constant. 

We return once more and briefly to the questions of distraction 
and the possible directive role of stimuli. It has been argued that, 
if the maze had been left tinchanged aft«‘r the first unit-shifting, 
the curves would have descended to their former low levels in a 
few runs, as is evidenced by the sharp drops on <lays 14 (Group I) 
and 12 (Group II), and that it was th{‘ continual distractions 
caused by interchanging of units that prevented this. On the con- 
trary, it is e<iually plausible to argue that constant interchanging 
prev<‘nted stimuli from becoming direetiv«*. And jigainst the dis- 
traction theory it may be further urged tliat habituation or nega- 
tive adaptation to continual distraction, if it w(>re really distrac- 
tion, would have becm ac<|uired, and the curves woidd have reached 
plateaus much .sooner than they actually did. 

We have rcturmsl to this discussion, first, because of the obvious 
importance of the question <if th*‘ role of stimuli in maze learning, 
and, secondly, because one of the theories, namely, that the stimuli 
are directive, has been accepted*"’ on what we believe to be entirely 
insufficient evidence. It appears, h(»wever, from the significant re- 
sults of Lashley’s researches, that the (piestion whether or not indi- 
vidual stimuli are directive, in the scn.se that each response is con- 
nected in some way with a specific stimulus, is beside the point, 
that it is an unreal question. Nor, it se<>ms, can we attribute the 
great disturbance in maze performance following the disturbance 
of stimuli to distraction in the usual meaning of the term. Lashley 
writes : 

Wo may otato as a gomtral principle that the stimnhw to any reaction above 
tho level of a spinal refle* invtilves, not the excitation of certain ileflnite sen- 
sory colls, but tho excitation of any cells of a system in certain ratios, and that 
response may be given to the ratb», even though the particular cells involved 
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have not prcviouBly been excited in the same way dviring the formation of the 
habitual reaction, (*> 

Though this wtus written speeifitmlly of visuul-peroeptuHl habits, 
the principle applies to all types of habits. In another plaee^*'> 
Lashley writes : 

... I believe that in every reaction, above the level of a apinal reflt^x to 
protopathie stimulation, the a<le<|uate atimuluR is a pattern which is efl't^ctive 
when applied anywhere upon the aenat»ry Rurfnee and the motor n^Kponse in- 
volves an equally variabh^ grouping of motor neurons. . . , We have* Ht'en that 
the adequate stimulus in such caHes [ habits based on vision, kinat'sHiesis, and 
touch] is not the specific c<dl8 activat^ul, but the {pattern f»f excitation wduch 
may shift over th<» senst^ry surface and likewise ovt^r the c.<»rtical fl<*l<l. In sucli 
a pattern the relative intensity, distance of mqiarntion, and fre<pu»«cy cjf ex- 
citations seem to be the only constant factors. 

Itspcma cloar that a miction is made not to Indivulual aiui spe- 
cific stimuli but to patterns of stimuli. Wc cannot then speak of 
directive stimuli in the sense that each stimulus calls out a par- 
ticular respoiwe. The inteffrated res[)onse of running the maKO is 
made to a stimulus pattern or perhaps to jrroups of Htimnli that 
are patterned in definite way-s. It is prohahle that, as the rat learns 
amas«‘, complex integrations of visual, tnetual, olfactory, and kin- 
aesthetic stimuli are fornu'd. Visual stimuli bein;; excluded for 
our rats, intejcrations wen* probably established throuRh tactual, 
kinaesthetic, and olfaidory stimuli. The sudden disturbance of tae- 
tual and olfactory stimuli by unit-shifting had the efTeitt of dis- 
rupting completely the stimulus groups that fornu'd tlu* basis for 
correct response. Kinaesthetic stimuli alont* wen* not sufllcient 
after such a disruption, and the maz<* habit had to be re-forme<l on 
the basis of new integrations. If this interpretation is tnie, it is 
clear that we cannot siieak of distraction as the cause of maze-habit 
disturbance following unit-shifting. 

One further point remains to he mentioned regarding the error 
curvt*s of <«roups I an<l II. These curves, in spite of their great 
irregularity, show a steady, although slow, <les<*,ent. The maze was 
undoubtedly being learned, albeit slowly. On the three days pre- 
ceding day 30 (Oroup I) and day 2H (droup 11) the error scores 
for the groups are ; Oroup 1. 20, 18, 24, 23, 27, ami 27 errors; Oroup 
H, 32, 24, 28, 20, 30, ami 18 errors. Kxpressed as average scores per 
rat on single runs these are: Oroup I, 2.23, 1.38, 1.8.">, 1.77, 2.08, 
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and 2.08 errors; Group II, 2.46, 1.85, 2.15, 1.54, 2.31, and 1.38 
errors. Thus the average errors per rat ranged from slightly over 
one to two and one-half errors on a fourteen-blind maze. We may' 
say that the rats learned the maze though not with a high degree 
of accuracy. 



Scores 

Days 

1 

Scores 

Days 

Before 

rotation 

35 


Maze rotated 90° 

40 

82 

33 

71 

37 


32 

72 

Maze rotated 180° 
from original 
position 

42 

83 

25 1 

73 

41 


31 


42 

84 

23 


37 


25 

76 

Maze turned back 
to original 
position 

32 

85 

17 

77 

31 


31 

78 

34 

86 

18 

79 

24 


21 

80 

i 32 

87 

27 

81 

26 

1 


Beginning with day 30 (Group I) and day 28 (Group II) unit- 
interchanging was discontinued for eight days, the object being to 
see if this would hasten learning, that is, the elimination of errors. 
It did not do so, and the reason was that approximately half the 
rats had apparently acquired, during the unit-shifting period, 
stereot3rped errors, chiefly in blinds 2, 9, and 10. But the up and 
down excursions of the curves were noticeably decreased, conflrm- 
ing the fact that such excursions had resulted from interchanging 
of units. 

Before proceeding to the results on short cut trials it will be 
well to dispose of the matter of maze rotation, which was used as a 
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cheek on the posHible influence of extra-maze olfactory and audi- 
tory stimuli. The maze was rotated first !)()“ counter-clockwise, 
then another fiO'' counter-cloe.kwi.se (180” from oriftinal position), 
and finally back tt> the original position. Instead of an error curve 
to show the effects of this rotation, we present table 4, which gives 
a number of tu-ror .scores ( for the group of 26 rats on the whole 
maze) before ami after rotation. 

When the maze was rotated ilO" there was an increa.se of .I errors 
over the highest score hef<ire rotatioti (fnuu 25 to 40 errors). With 
the next rtttation the highest score was 42 errors. As with the maze 
of Experiment I. rotation c<»uld be effected only by taking the 
maze apart and .setting it up again in a new position; and. because 
of the um‘venne.sH of the floor, it is certain that discrepancies 
occ.urre«l at the junctions of tinits, and that these <li.screpancies 
were not pre.sent wlien units were interchang(‘d while the maze wjis 
in its normal position. The slight increases in error sc(»res may 
easily be due to these unusual tactual stimuli and not to directional 
change of e.xtra-maze amlitory or <tlfactory stimuli. 

UnsiM.'i's ON Shout Cut Huns 

Short cutting was begun on day 47, by which time, as explained 
above, the two gn»ups were equalized as to number of runs. From 
now on the two groups will accordingly be treated as one. Eight 
different short cuts were tried : short cut 1-8, by a lotig <liagonnl 
(marked ,1 in fig, 3, which should be consulted for locatioti of 
short cuts) ; short cut 8-15, by a long diagonal (marked H) ; short 
cut 1 ir>, from middle of unit I (f') ; short cut 1-8, at right angles 
(It) ; short cut fi-in, at right angles ( N ) ; short cut 1-8, by a short 
diagonal (F) ; short cut 8 In, by a short diagonal ((/) ; and short 
cut 1 1.6, from unit 1 extended (//). 

One short cut and its results will he described in detail before 
the others are consulertal. The first trial (ff short cut 1-8 by a long 
diagonal (.4) was given <m day 47 (fig. .6). All tin* units of the 
maze were first intercluniged, including tlie units of corner I (the 
sets of blinds at tin* three c<irners <if the maze will be designated, 
for convenience, corners 1, 2, ami 3, in the order in which they are 
eneountere<l fnim starting platform to I’tssl box) . ( )ne of the 8-foot 
rails phis a 16-inch rail was placed in a position indicated by the 
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broken line (A) in fifrure 3. Two blocks made of tin were placed, 
one on unit I, the other on imit VIII, each about six inches from 
the points where the iliag;onaI short cut path joined units I and 
VIII. The 26 rats ((1 roups I and 11 consolidated) were run, and 
the errors in blinds 6 to 14, inclusive, were carefully noted. The 
error score, for the jtroup of 26 rats in blinds 6 to 14 is to be com- 
pared with the .scores made in the same part of the maze when the 
whole maze was run. that is, in normal pattern runs. This compari- 
son is .shown in figure a. As in Experiment I, a sh<»rt cut is con- 
sidered eorrectb' perforimsl <»nly wh<>n its error score does not ex- 
ceed the highest normal pattern score for the same part of the 
maze. It is clear (fig. .'>) that the first trial of this short cut was not 
executed with th(> rc([uired accuracy; tlu' short cut score (46 er- 
rors) exceeds the highest normal patt«*rn score (27 errors) by 19 
errors. 

The error curves of fl;<ur<'s 5 to 9, which slutw performances on 
short cut trials ami on “put <m” runs, wen* c<m.structed in the fol- 
lowing way: The blinds following any particular short cut were 
taken, and the errors nuuh* in thes«* blinds when the rats ran the 
full normal maze iiattern were counted. The first part of each 
curve shows tlu'ir perforinanee «m a particular part of the maze 
for normal patt<*rn runs. Next after this part, and as a continua- 
tion of it, the curve shows the number of errors made in the same 
part of the maze when the particular short cut un<ler consideration 
was given. Thus a <lireet comiiarison can be math! between per- 
formances on a specifletl part of the mazt* for short cut and for 
nonnal pattern runs. Because t‘a<!h short cut wjis given more than 
once there are parts of th<! curves b(‘tw«*<‘n short cuts that repre- 
sent performance on normal pattern runs fttr the appropriate part 
of the maze. And in the pt'riod of time between any two trials of a 
particular short cut, other short cuts were given, but these are not 
represented on the same curve, since th«>se. otht*r short cuts cover 
different parts of the maze. Because normal pattern runs follow- 
ing slutrt cut trials may be <listurb<‘d (that is, error scores in- 
creased) by the precediiig short cut runs, and thus there may bo 
produce<l abnormally high normal-patt«*rn scor(!s with which short 
cut scores must l«* <'ompur«*d, each curve contains a part I’epresent- 
ing normal pattern scor<‘s before short cut trials were begun. In- 
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spection of the five curves will show that in each curve the highest 
normal pattern score comes, not in the period during which short 
cut trials were given, but in the period before day 47, that is, before 
short cut trials were begun. 

Short cut 1-8, by a long diagonal, was repeated on days 55, 67, 
79, and 88 (fig. 5), and on all these trials the errors were too high 
to come within our criterion. Table 5 shows that on the five trials 
of this slaort cut, 72 errors were made in blind 6, 69 errors in blind 
9, 23 errors in blind 8, and relatively few errors in the remaining 
blinds. The reason for this distribution of errors is as yet largely 
a matter of guesswork; one may, however, plausibly assume that 
the large number of errors in blind 6 occurred because the first cor- 
rect turn in corner 1 is to the right and the rats were under the 
mistaken notion that they were at corner 1 instead of corner 2, and 
accordingly turned right into blind 6. Prom table 5 we note also 
that, on the first trial, 22 of the 26 rats made one or more errors, 
22 rats made errors on the second trial, 15 rats on the third trial, 
19 rats on the fourth, etc. Inspection of individual error scores re- 
veals the fact that two of the 26 rats, namely rats W2 and W18, 
made perfect scores (no errors) on all five trials of this .short cut. 
This confirms what one would expect, that rats vary in their abil- 
ity to execute short cuts correctly. On any particular short cut 
trial, some rats will make many errors, some no errors. This means 
that when we lump the results of a group of rats, as we do here, 
(1) the good performances of able rats are obscured, and (2) the 
performances of the poorest rats determine disproportionately the 
performance of the group, since able rats can do no better, whereas 
the error scores of the poor rats are limited only by the number 
of blinds. Thus the performance on any short cut is largely the 
performance of the poorest rats. The remedy for this would be 
consideration of individual scores, individual error curves, etc., 
but the great practical difficulties of this procedure outweigh its 
advantages. 

Finally, we must note the performance on the “put on” run that 
corresponds to short cut 1-8 by a long diagonal (fig. 5). This type 
of run, as explained under Experiment I, began at the point where 
the short cut path of the corresponding short cut ended, in this 
run at the point where the diagonal path joined \mit VIII. The 
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rats were placed by hand on unit VIII at this point. A block was 
used to prevent their running toward corner 1. The very high score 
on this run — 32 errors above the highest short cut score — indicates 
that the rats were considerably more confused on the “put on’’ run 
than on the corresponding short cut run, even though the perform- 
ance on the short cut run was not good enough to come within our 
criterion. It will be rt^called from Experiment I that tlie run from 
the starting platform to the short cut path and the running of the 
path were found necessary for accurate performance in the maze 
beyond the short cut path. This finding was confirmed by all the 
“put on” runs of the present experiment. 

We may now consider the seven remaining slumt cuts in the 
order given. Three trials on shml; cut 8-15* by a long diagonal (B 
in fig, 3) were given, on days 48, 55, and 70, and for two trials the 
scores were higher than the highest normal })attern scor(‘ (fig. (5). 
Table 3 shows tluit 31 errors (70 per cent) of the total 45 errors 
were mad(‘ in blind 10. The high score on the corresponding “put 
on” run in<Iicated that confusion wais I<*ss, or fewer rats were con- 
fused, on the short cut run tlum on the “put on” run. 

Hhort cut 1 -dfi from the middle of unit I (0) had four trials, on 
days 411, 57, 70 an<l Of) (tig. 7), and all the scores were too high. Of 
a total of 11 2 err<u*s, (17 { (iO per cent) were made in blind 10 (table 
5). The corresponding “put on” run had a score of 88 errors, only 
6 errors above th(‘ highest short cut score. 

The m‘xi short cut wtis 1-8, at right angles {!)) ; five trials were 
given, on days 51, 58, 72, 81, and 01 (fig. 8). The error curve for 
this short cut shows all five seon^s well within the criterion. This 
was surprising, since the part of the maze run through after this 
short cut is exactly th<‘ same as that run through in short cut 1-8 
by a long diagonal, exempt that in short cut 1-8 at right angles 
ther(‘ an» longer runs on units / and VIII, It will be recalled that 
short cut 1 8 by a lotig diagonal was never correctly executed (fig. 
5). Why this difTerenceH liefore considering possible explanations, 
let \is Ke(^ what occurred on sliort cut 8-15 at right angles and com- 
pare the performance on this short cut with that on short cut 8-15 
by a long <liag(mal. 



Short 8-15 Long diag. 
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Pig. 7. Error curve for short cut 1-15 from the middle of unit I and from unit I extended. 



50 5151 53 5^ SS 57 5f 60 61 62 6¥ 65 67 67 70 72 

Days 

Fig. 9. Error curve for short cut 8-15 at right angles. 
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Short cut 8-15 at right angles {E) was tried three times, on 
days 53, 60, and 72 (fig. 9) . Again we find all the scores within the 
criterion. (The “put on” score was very high.) The only difference 
between this short cut and 8-15 by a long diagonal is that there are 
longer runs on units VIII and XV. (It cannot be said that the 
right-angled short cuts were correctly performed because they 
came later in training when the rats were more familiar with the 
maze, for, i£ this were so, the still later, that is, the third, fourth, 
and fifth trials of the long-diagonal short cuts should have been 
correctly executed, but they were not — ^figs. 5 and 6.) It thus ap- 
peared that the differences in performance between short cut 1-8 
by a long diagonal and short cut 1-8 at right angles, and between 
short cut 8-15 by a long diagonal and short cut 8-15 at right angles 
were due to the longer runs on units I, VIII, and XV in the right- 
angled short cuts. In searching for some reason why these longer 
runs should cause such obvious differences in performance, it 
occurred to the writer that the long-diagonal short cuts consider- 
ably distort the rectangularity of the general maze pattern. A 
glance at the diagram of the maze (fig. 3) will show that short cut 
1-8 by a long diagonal (A) gives the maze a roughly triangular 
shape. So also does short cut 8-15 by a long diagonal (jB ) . This dis- 
tortion of the spatial relations of the long paths in the maze, it 
seemed, brought about the incorrect performances on the long- 
diagonal short cuts. 

We sought to test this hypothesis in the following ways. A 
shorter diagonal from unit I to unit VIII, it was reasoned, would 
not greatly distort the rectangularity of the maze, since the normal 
runs on units I and VIII would not be greatly shortened. Such a 
short cut would obviously approach short cut 1-8 at right angles 
in its preservation of the rectangular shape of the maze. For this 
short cut the units in corner 1 had to be removed to make room for 
the short diagonal, but otherwise the usual short cut procedure 
was followed. Two trials were given, on days 62 and 75 (fig. 5). 
For both trials the scores were within the criterion; inspection of 
the curve in figure 5 reveals the unmistakable difference in per- 
formance on this short cut and the short cut by the long diagonal. 
Performance thus checked with our theory. 
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TABLE 5 


Short cut 1-8 by a long diagonal (A) 


Blinds* 

6 

B 

8 

9 

10 

11 

12 

Totals 

Number of 
rats making 
errors 

om 

Errors 

15 

1 

5 

18 

3 

4 


46 

22 



19 

1 

7 

m 

4 

.... 

.... 

47 

22 


MHNjl 

11 

1 

4 

9 

4 

1 

1 

31 

15 


MMMjl 

14 

1 

3 

14 

2 

1 

>••• 

35 

19 



13 

1 

4 

12 

1 

2 

1 

34 

16 

ii^H 

Totals 

72 

6 

23 

69 

14 

8 

2 

193 



Short cut 8-15 by a long diagonal (li) 


Blinds 

10 

11 

12 

13 

.... 

.... 1 

.... 




Errors 

13 

4 

2 

B 




20 

16 

1,12 


8 

3 

.... 

B 

.... 

.... 

.... 

12 

11 

HZ 


10 

1 

1 

B 


.... 

.... 

13 

11 


Totals 

31 

8 

3 

3 


.... 

.... 

45 

.... 


Short cut 1-15 from mid unit I (C) 


Blinds 

10 

11 

D 

13 

.. 

14 

.... 

.... 



BUBI 

Errors 

19 

4 

6 

3 




31 

21 



11 

2 

1 

BB 

.... 



22 

19 



12 

7 

n 

B 




27 

19 


HMNMB 

18 

3 

H 

B 

3 

.... 


32 

23 

IHI 

Totals 

67 

16 

m 


3 

1 


112 

.... 


Short cut 1-8 at right angles (Z>) 


4 

5 


Blinds 

6 

7 

1 

Errors 

8 


1 


6 

.... 

1 


4 

.... 

1 

BH 

3 

9 

H 


Totals 

30 



8 

0 

10 

11 

.... 


3 

14 

2 

■ 


27 

3 

10 

3 

BB 


22 

2 

10 

2 

2 


20 

3 

6 

2 

4 


19 

2 

m 

1 

3 


26 

a 

i 

10 

9 


114 


♦Blinds containing no errors, for example, blinds 13 and 14, are not indicated in the table. 
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TABLE 5 — (Concluded) 


Short cut 8-15 at right angles (E) 


Blinds 

10 

11 

12 

13 

.... 

.... 

.... 

Totals 

Number of 
rats maTfing 
errors 

Trial 1 

Errors 

5 







5 

5 

Trial 2 


3 

3 

.... 

1 

.... 

.... 

.... 1 

7 

5 

Trial 3 

umii 

5 

2 

.... 

.... 

.... 

.... 


7 

6 



13 

5 

.... 

1 

.... 

.... 

.... 

19 



Short cut 1-8 by a short diagonsl (F) 


Blinds 

6 

B 

B 

9 

10 

11 

.... 

■B 


Trial 1 

Errors 

6 

B 

4 

10 


B 



12 

Trial 2 


5 

B 

2 

8 


H 

.... 


11 


Totals 

1 


.... 

6 

18 



.... 

42 



Short cut 8-15 by a short diagonal (G) 


Blinds 

B 

11 

12 

.... 

.... 

.... 

.... 



Trial 1 
Trial 2 

Errors 

6 

5 

.... 

1 


.... 

.... 


6 

6 

6 

6 

Totals 

11 

.... 

1 

.... 

.... 

.... 

.... 

12 

.... 


Short cut 1-15 from unit I extended (H) 


Blinds 

B 

B 

12 

.... 

.... 

.... 

.... 



Trial 1 

Errors 

5 

1 

1 





7 

7 

Trial 2 


8 

1 

.... 


.... 


.... 

9 

9 

Trial 3 


8 

2 

2 


.... 


.... 

12 

11 


Totals 

21 

4. 

3 


.... 


.... 

28 

.... 

































1933] 


Honzik: Maze Learning in Bats 


137 


Similarly, short cut 8-15 by a short diagonal ( G) was next tried, 
on days 62 and 76. Again both scores were within the criterion, 
offering further confirmation of our explanation. 

It will be noticed that short cut 1-15 from the middle of unit I 
( C) also distorts the rectangular shape of the maze by greatly de- 
creasing the height of the rectangle. Performance on this short cut, 
it will be recalled, was poor. The same short cut, made however 
from unit I (extended) to the end of unit XV, would not greatly 
distort the rectangle and a run through it should be executed with- 
in the limits of our criterion. Such a short cut (fl*) was given three 
times, on days 65, 78, and 100 (fig. 7). All three scores were below 
the highest normal pattern score. Again the results were in har- 
mony with our theory. 

Finally, the following cheek was made. It was reasoned that i£ 
it was the shortness of the runs on unit I and unit VIII (as in short 
cut 1-8 by a long diagonal) , and not merely the length of the diago- 
nal, that caused distortion of the maze (and consequently poor 
performance) , then a run through a short cut with a long diagonal 
that nevertheless preserved the normal length of runs on units I 
and VIII should be executed correctly. Such a short cut was offered 
by moving unit I four and one-half feet to the right, keeping it 
pointed in its normal direction. Then a long diagonal was placed 
from unit I in its new position to the right end of unit VIII. The 
units of corner I were removed. (We designate this ‘^short cut I,” 
though it does not appear in fig. 3.) One trial on this short cut was 
given, on day 90 (fig. 5). The score was definitely within the cri- 
terion. The same sort of short cut should have been tried on the 
other side of the maze, namely, from unit VIII to the end of unit 
XV by a long diagonal, but unfortunately the spatial limitations 
of the room prevented this. 

When we ask why distortion of the rectangularity of the maze- 
shape should cause poor performance on the short cuts that pro- 
duced the greatest distortion, the answer, in the light of the inter- 
pretation on pages 26 and 27, would seem to be that such maze- 
shape distortion is also a disturbance of stimulus patterns. Thus 
short cut 1-8 by a long diagonal (A) disturbs the stimulus pattern 
(1) because it truncates the integrated group of stimuli (tactual, 
olfactory, and kinaesthetic) that are normally received on units I 
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and VIII, and (2) because tbe angular turn from unit I to the 
short cut path is considerably less than a right angle, that is, the 
deviation from the straight course on unit I is very slight. This 
latter circumstance, we may say, has the effect of confusing the 
stimulus group of the short cut path with that of umt I. If one 
were to express this in mentalistic terms one would say that the 
rats were misled into “thinking” they were on unit I when actually 
they had turned into the short cut path. 

The same considerations hold for short cut 8-15 by a long diag- 
onal (JB) . Here also we have a shortening of the stimulus group of 
units VIII and XV, and the slight, confusing turn from the 
straight course on unit VIII. Short cut 1-15 from middle of unit I 
(C) has no confusing turn from the normal path, the short cut 
path being at right angles to unit I, but the considerable shorten- 
ing of the stimulus groups of units I and XV is clearly apparent. 

But to make our hypothesis of stimulus-pattern disruption ade- 
quately explanatory, certain other factors must be taken into con- 
sideration. The five different short cuts that were made either by 
short diagonals {F and 6?), or at right angles (D and E), or from 
the end of unit V extended (H ) , were executed within the criterion. 
But all these short cuts cut out one or two groups of short runs and 
turns, that is, the blind arrangements in corners 1 and 2, and this 
also must be considered disruption of stimulus patterns. Yet these 
short cuts were correctly performed. We seem forced to assume 
either that the excision of one or two blind arrangements is a stim- 
ulus-pattern disruption of a minor sort, that is, incapable of dis- 
turbing the total response, or that a particularly important inte- 
gration of stimulus groups was formed between the stimulus 
groups of unit I and unit VIII, and between those of unit VIII 
and unit XV. Whatever assumption we make, the actual results on 
the short cut trials demonstrated that the running of the entire 
lengths, or at the minimum the greater part of the entire lengths, 
of two sides of the maze was necessary for accurate short cut per- 
formance. The running through of blind arrangements in the cor- 
ners was not necessary. But this capacity of adequate response 
with variation (within limits) of the stimulus pattern has been 
demonstrated heretofore. This demonstration, in the writer's opin- 
ion, is for psychology one of the most significant results of Lash- 
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ley’s investigations. The evidence is conclusive that, on the one 
hand, responses may be independent of the particular sensory cells 
stimulated and of specific stimuli, and, on the other hand, that 
habits acquired do not necessarily utilize patterns identical with 
those employed during the process of learning. 

Correct performance on short cut trials such as we observed in 
our rats would, in human beings, be attributed by all except the 
extreme behaviorists to a function which we should certainly desig- 
nate as mental. We should say that in human beings the ability to 
perform short cuts correctly would be dependent on some such 
mental function as the apprehension of the spatial relations of the 
various parts of the maze, or we may say, more broadly, that such 
behavior is intelligent, as opposed to behavior rigidly associated 
with specific stimuli and inadequate when specific stimuli or small 
groups of stimuli are disturbed or excluded. The capacity to re- 
spond adequately with the changing (within limts) of the stimu- 
lus pattern and even with the exclusion of groups of stimuli is of 
the essence of intelligent behavior. Such behavior is in general de- 
scribed in its mental aspect as dependent on the grasping of rela- 
tions; in our experiment, spatial relations. 

The results of the “put on” runs can be interpreted in terms of 
the foregoing theory of intelligent behavior, and that such an in- 
terpretation is possible tends to corroborate the theory. A glance 
at the error curves of figures 5 to 9 will show that the error score 
of the “put on” run invariably exceeded by a significant amount 
the error score of the coresponding short cut run, even where the 
short cut scores were too high to come within the criterion. It will 
be recalled that in the maze of Experiment I as well as in the pres- 
ent maze, the run from the starting platform to and over the short 
cut path was found essential for correct performance in the rest 
of the maze. The fact that even the short cut trials poorly executed 
had fewer errors than the corresponding “put on” runs points to 
the importance of the run from the start to the short cut path. 
Why was this run essential? A great disruption of the stimulus 
pattern, or considerable shortening of stimulus groups, we have 
seen, disturbs behavior. In the “put on” runs large stimulus groups 
were completely left out; the pattern of stimulation, though capa- 
ble of considerable variation yet calling forth adequate response. 
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was here too greatly distorted or, more precisely, truncated by the 
exclusion of a large first part of the stimulus pattern. We may ex- 
press the matter in mental terms by saying that the rats, in order 
to be able to use their knowledge of spatial relations, must be 
offered the elements that are to be related, that is, they must run 
over the element (part of the maze up to the short cut) that is to 
be related to another element (part of the maze beyond the short 
cut). Only when the two parts are thus offered can the rats per- 
form correctly. And when the parts are offered they must, we have 
seen, be presented in such a way that large stimulus groups are not 
cut out, or, to express it in mental terms, the parts must be pre- 
sented in such a way that their spatial relations are not obscured 
by the spatial and physical features of the short cut path. 

One other point concerning “put on” runs should be considered. 
It will be recalled that in the maze of Experiment I, performance 
on a certain “put on” run suggested the possibility that the long 
run over unit XVIII plus the two forced turns at the ends of unit 
XIX may have acted as a kinaesthetic cue for the good perform- 
ance beyond unit XIX. But this possibility was not borne out by 
otlier performances. Regarding the present maze, it may be asked 
whether, in tlie “put on” run that began at the left end of unit 
VllI (“put on” run corresponding to short cut 1-8 by a long diag- 
onal), the encountering of corner 2 may not have presented kin- 
aesthetic cues tliat re-aroused the kinaesthetic pattern and thus 
caused good performance in the succeeding (third) corner. Inspec- 
tion of the data sheets reveals that this was not so; errors in corner 
3 for this “put on” run numbered 17, whereas for the various trials 
of the corresponding short cut 1-8 by a long diagonal they varied 
from 4 to 7. We may conclude that the encountering of corner 2 
from the left end of unit VIII did not produce good performance 
in comer 3; in other words, that no adequate kinaesthetic cues 
were presented. Whether the traversing of both corners 1 and 2, 
beginning at the upper end of unit I, would give good performance 
in corner 3 is a further question, but a “put on” run from this 
point was not tried because it did not correspond to any short cut. 
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I)IS(’l^ssul^r 

Our conclusioiis are tliat rats ean learn to run with a fair <Ie^ree 
of accuracy a maze of nvernjre <iifi!eulty in tlie nhseuee of MjH‘eitle 
intra- ami extra-maze stimuli, that the neeurnte naming <*annot 
be due solely to the formation (»f a kinm^sthetie seqiumoi' of m(»ve- 
ments, and that, in view of tliese facts, we may posit in rats n enpnc- 
ity, which may be called mental. <»f appr«*hemliu}4: the spatial retii’ 
tions of the major parts of the maze. ( hi tin* strictly behavioral si* le 
we have denscribetl the short cut performance of the rats as tfie 
capacity to respoml correctly with limited moditicntion **f tie* stim 
ulus pattern that is the basis <»f the response. This capacity . \vi* have 
suggested, is the distinguishing characteristic of intelligent W 
havior, and may be d^^scribed in mcntalistic terms ns the nppre 
hension of relations of whatever sort. 

Although the conelushms just statetl are tlrawu frum results «m 
amaze in wduch the units were eontiminlly shiftiMl nlunit nml from 
results on special kinds of runs, that is. short cut nml **pul on'' 
runs, we would also assert the presf*nee in rats of a capacity to 
appreheml spatial rclntituis even in mazes whielt arc kept cimsinni 
in all respects. Indeed, such a capiicity should have been guessed 
by experimenters long beft.re this rr*»m restdls on many different 
mazes. Lnshley***’ had postulated such nti ability in rats in 
“There is (dear evidence that the animals aceptirc some gcio-ral on 
entation in addition to the habits of making partindar turns and 
at pres(*nt this orientnti<»n can <»n!y be doner ibed as an 
of a general dimdion fn»m the diverse direetifins t»r the succcHstve 
alleys.” Tin* fact, tdiserved hy varttais investigators, that blinds 
pointing in the general direftion of the food are most diftleult to 
eliminate in t!n» beaming proeess, points to the same si*rt t*f id»« 
straction of general direct if»n frmn diverse direetions. Mehiivbfr in 
whi(di such an abstraction is manifest snrtdy canmit be rigid re 
gponse to speidflc stimuli; there are apiiarent in such behavior for» 
ward-pointingness and nnttcipntiou that imply mental functions. 
The disproportionately large number <»f entrances intti food point 
ing blinds**** indicates response t«> a genera! stimulus pattern but 
with unfortunate minor reactitum m in detnil. 

* Itallcii (uirn. 
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When, after a thirteen-day peritMl during which the maze was 
kept constant, the units were suddenly interchanged, the result 
was a complete disruption of the maze habit. This pointed to the 
great importance of intra-maze tactual and possibly olfactory 
stimuli (extra-maze auditory and olfactory stimuli were found by 
rotation of the maze to play no significant role). But there is evi- 
dence from our experiment and from Ijashley’s investigations that 
reactions were made not to individual specific stimuli but rather to 
groups of stimuli, and, on a higher level, to patterns of groups of 
stimuli. We have reason to believe that tactual, olfactory, and kin- 
aesthetic stimuli had become integrated into stiimdus groups and 
these groups in turn into wider stinndus patterns. Response was 
to patterns of excitation, not to specific stimuli. Performance on 
short cut trials showed that within limits the pattern of excitation 
could be changed yet call forth adequate response. The changing 
of tactual and olfactory stimuli throughout the maze, however, 
disrupted stimulus groups too greatly. Taetiial and olfactory stim- 
idi that had been associated with kinaesthetic stimuli were changed 
when units were .shifted; the kinaesthetic stimuli alone were unable 
to gtiide response correctly, and this because response had not been 
to kinaesthetic stimuli alone but to groups of which these kinaes- 
thetic stimuli w'ere parts. 

With regular unit-shifting on alternate runs the error curves 
show a slow and jagged but nevertludess steady descent (fig. 4). 
The extreme slowness of the curves’ descent contrasts strongly 
with the precipitous drop when the maze was constant. The stabil- 
ity of intra-maze tactual and olfactory stimuli was undoubtedly 
essential to rapid learning. The lack of stability prevented the 
formation of the stimulus groups and patterns that we postulate as 
the basis of response. With constant unit-shifting, integrations had 
presumably to be made among kinaesthetic stimuli only, and under 
such circumstances learning was retarded. This .suggests that in 
general the exclusion (or rendering inoperative) of stimuli of one 
or more sense modalities has the effect of retarding the learning 
process. Tryon,*^’ on other evidence obtained with normal rats in 
an alley maze, has come to this conclusion. However, comparisons 
of the rates of learning of normal, blind, and anosmic rats do not 
in general support this. 
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SUMMARY 

We may summarize for both experiments as follows : 

1. The maze performance of blind rats that had learned an um 
elianged maze was greatly disturbed when the parts of the maze 
Were interchanged, the pattern of the maze, however, remaining 
tlie same, 

2. With constant and regular interchanging of maze parts, re- 
learning of the maze was greatly retarded, but learning was never- 
tlieless evident. 

3. There was evidence from Experiment I that interchanging of 
amaze parts from the very beginning of training would also have 
retarded learning, 

4. Results, in terms of error scores, when the maze was rotated 
and food and food box removed, strongly indicated that extra- 
amaze auditory and olfactory stimuli played no significant role. 

5. From the above evidence it was concluded that for blind rats 
imtra-maze stimuli are important factors in maze learning, but 
“tliat response was to integrated groups of stimuli rather than to 
individual specific stimuli. The question whether disturbance of 
amaze performance following unit-shifting was due to distraction 
or to disturbance of stimuli that had become directive, was found 
1:o be irrelevant. 

6. Results on different short cuts demonstrated that the rats 
■were not running the maze in a purely kinaesthetic manner. 

7. Because kinaesthetic running was thus disproved, and because 
extra-maze stimuli were found to have no influence while depend- 
ence on specific intra-maze stimuli was made impossible by con- 
stant unit-shifting, it was suggested that correct short cut per- 
formance could be attributed to a capacity of apprehending spatial 
relations. But in strictly behavioral terms correct short cut per- 
formance may be described as a capacity to respond adequately to 
a variable stimulus-pattern. 

8. Differences in performance between the long-diagonal short 
cuts and the other short cuts, and the performance on “put on” 
runs, indicated the extent to which the stimulus pattern could be 
changed and yet produce correct response. 
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9. Finally, it was suggested that the distinguishing character- 
istic of intelligence is just this capacity, demonstrated in rats, of 
behaving efficiently in spite of a changing pattern of stimulation. 
Such behavior, viewed mentalistically, is commonly attributed to 
a mental function, namely, the apprehension of relations. 
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